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I N V E S T I G A T I O N  OF THE M I S F U E L I N G  
OF 
RECIPROCATING PISTON AIRCRAFT ENGINES 
INTRODUCTION 
J .  H o l l a n d  S c o t t ,  J r .  
NASA Goddard  Space F l i g h t  C e n t e r  
W a l l o p s  F l i g h t  F a c i l i t y  
Wallops I s l a n d ,  VA 23337 
The G e n e r a l  A v i a t i o n  Manufac-  
t u r e r s  A s s o c i a t i o n  (GAMA) a n d  t h e  
i A m e r i c a n  P e t r o l e u m  I n s t i t u t e  ( A P I )  
' c o n v e n e d  a t a s k  force of i n d u s t r y  
1 a n d  g o v e r n m e n t  r e p r e s e n t a t i v e s  i n  
W a s h i n g t o n ,  D.C .  d u r i n g  November,  
1 9 8 2 .  T h e  g r o u p  was c h a r g e d  w i t h  i i n v e s t i g a t i o n  of t h e  r a p i d l y  
i n c r e a s i n g  p r o b l e m  o f  i n a d v e r t e n t  
1 m i s f u e l i n g  o f  g e n e r a l  a v i a t i o n  
I a i r c r a f t .  More s p e c i f i c a l l y ,  t h e  
I p roblem i n v o l v e d  t h e  i n t r o d u c t i o n  
~ o f  j e t  f u e l  ( e i t h e r  u n a d u l t e r a t e d  ' or a s  a m i x t u r e  w i t h  a v i a t i o n  
I g a s o l i n e )  i n t o  a r e c i p r o c a t i n g  
p i s t o n  a i r c r a f t  e n g i n e .  D e s i g n e d  
s o l e l y  f o r  u s e  of a v i a t i o n  
g a s o l i n e  ( a v g a s ) ,  s u c h  e n g i n e s  a re  
i n t o l e r a n t  of j e t  f u e l ,  o f t e n  
l r e s u l t i n g  i n  d e s t r u c t i o n  of t h e  
e n g i n e  a n d  c a t a s t r o p h i c  a i r c r a f t  
c r a shes .  T h e  p o t e n t i a l  f o r  i n j u r y ,  
d e a t h ,  a n d  e q u i p m e n t  damage i n  
' these s i t u a t i o n s  is u n u s u a l l y  
h i g h .  
! 
I T h i s  r e p o r t  c o n t a i n s  t h e  r e s u l t s  
of N A S A ' s  p a r t i c i p a t i o n  i n  t h e  
, t a s k  f o r c e  a c t i v i t i e s .  
D E S C R I P T I O N  OF THE PROBLEM 
F r o m  1970  t h r o u g h  1 9 8 1  t h e r e  were 
54 r epor t ed  a c c i d e n t s  r e l a t e d  t o  
improper f u e l  g r a d e  t h a t  occurred 
i n  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s .  
T h i r t e e n  of t h e s e  a c c o u n t e d  f o r  3 4  
f a t a l i t i e s  and  43 s e r i o u s  
i n j u r i e s .  Half  i n v o l v e d  p r i v a t e l y  
owned a i r c r a t t ,  b u t  22 p e r c e n t  
i n v o l v e d  c or p o r  a t e / e x e c  u t  i v e  or 
a i r  t a x i  o p e r a t i o n s .  I n  f o u r  o f  
t h e  a b o v e  a c c i d e n t s  t o t a l  p i l o t  
f l i g h t  t i m e  i n  f i x e d - w i n g  a i r c r a f t  
r a n g e d  from 4352 t o  25871  h o u r s .  
O f  t h e  f o u r  p i l o t s ,  t w o  h a d  a i r  
t r a n s p o r t  r a t i n g s ,  one w a s  a c o m -  
mercial  f l i g h t  i n s t r u c t o r ,  a n d  o n e  
was a p r i v a t e  p i l o t .  A i r c r a f t  
m i s f u e l i n g  a c c i d e n t s ,  a s  t h e  
p r o f i l e  i n d i c a t e s ,  c a n  a n d  do 
i n v o l v e  a w i d e  c r o s s  s e c t i o n  o f  I 






T h e  t a s k  f o r c e  of i n d u s t r y  a n d  
g o v e r n m e n t  r e p r e s e n t a t i v e s ,  a f t e r  
r e v i e w i n g  these  a l a r m i n g  s t a t i s -  
t i c s ,  o r g a n i z e d  a concerted e f f o r t  
t o  r e d u c e  t h e  p o t e n t i a l  for 
m i s f u e l i n g  g e n e r a l  a v i a t i o n  
a i r c r a t t .  T h e  r e s u l t  w a s  p r o m o t i o n  
of i n n o v a t i v e  d e v i c e s  a n d  m e t h o d s  
s u c h  a s  f u e l  i d e n t i f i c a t i o n  
d e c a l s ,  b a n d e d  f u e l  n o z z l e s ,  f u e l  
f i l l e r  p ipe r e s t r i c t o r s ,  o v e r s i z e  
j e t  f u e l  n o z z l e s ,  s t a n d a r d  
r e f u e l i n g  p r o c e d u r e s ,  a n d  
e d u c a t i o n a l / a w a r e n e s s  t r a i n i n g  
p r o g r a m s .  NASA, c u r r e n t l y  e n g a g e d  
i n  p r e l i m i n a r y  work o n  t h e  
problem, e l e c t e d  t o  d e v e l o p  
s p e c i f i c  t e s t s  t o  i d e n t i f y  
c o n t a m i n a t e d  f u e l  p r i o r  t o  i t s  
c o n s u m p t i o n  i n  a r e c i p r o c a t i n g  
p i s t o n  a i r c r a f t  e n g i n e .  
T y p i c a l l y ,  many a c c i d e n t s  r e l a t e d  
t o  m i s f u e l i n g  h a p p e n  d u r i n g  take-  
o f f  u n d e r  maximum p o w e r  a s  t h e  
r e c i p r o c a t i n g  p i s t o n  e n g i n e  is  
e x p o s e d  t o  h i g h  stress c o n d i t i o n s  
a n d  a s  damage t o  t h e  e n g i n e  
occu r s .  A s  a r e s u l t  of c o n s u m i n g  
c o n t a m i n a t e d  f u e l  t h e r e  is  s e l d o m  
s u f f i c i e n t  t i m e  o r  a l t i t u d e  a f t e r  
e n g i n e  d a m a g e  c o m m e n c e s  t o  t a k e  
e v a s i v e  a c t i o n  t o  a v o i d  a c r a s h ,  a 
f a c t o r  t h a t  p r o b a b l y  c o n t r i b u t e s  
t o  t h e  h i g h  f a t a l i t y  r a t e  
a s s o c i a t e d  w i t h  i n c i d e n t s  o f  t h i s  
t y p e .  T h e r e  h a v e  a l s o  b e e n  
i n c i d e n t s  where  a i r c r a f t  were 
m i s f u e l e d  b u t  f o r t u n a t e l y  t h e  
e r r o r  was d i s c o v e r e d  i n  t i m e  t o  
p r e v e n t  m i s h a p .  I n c i d e n t s  o f  t h e s e  
t y p e s ,  f o r  t h e  most p a r t ,  g o  
u n r e p o r t e d ,  t h e r e f o r e  t h e  m i s f u e l -  
i n g  p r o b l e m  is more w i d e s p r e a d  
t h a n  s t a t i s t i c s  t e n d  t o  i m p l y .  
M i s f u e l i n g  o f t e n  r e s u l t s  f r o m  
c a r e l e s s n e s s  o r  i g n o r a n c e  a n d  
q u i t e  o f t e n  f l i g h t l i n e  p e r s o n n e l  
a r e  i n v o l v e d .  A t y p i c a l  e x a m p l e  is 
t h e  r e c i p r o c a t i n g  p i s t o n  e n g i n e  
DC-3  t h a t  c r a s h e d  w h i l e  d e p a r t i n g  
a S t .  L o u i s  a i r p o r t  a f t e r  b e i n g  
m i s f u e l e d .  F a i l i n g  t o  s t a r t  a n  
a v g a s  r e f u e l e r  t h e  f l i g h t l i n e  
a t t e n d a n t  m i s t a k e n l y  s t a r t e d  a j e t  
r e f u e l e r  a n d  pumped j e t  f u e l  i n t o  
t h e  a i r c r a f t  r e s u l t i n g  i n  o n e  
f a t a l i t y  a n d  o n e  s e r i o u s  i n j u r y .  A 
s i m i l a r  a c c i d e n t  occurred a t  
S a l i s b u r y ,  M a r y l a n d  when a n  Aero 
Commander 500B c r a s h e d  o n  t a k e - o f f  
k i l l i n g  a l l  f i v e  p e r s o n s  a b o a r d .  
The f l i g h t l i n e  a t t e n d a n t  h a d  
r e f u e l e d  w i t h  o n l y  a s m a l l  amount  
o f  j e t  f u e l ,  b u t  e n o u g h  t o  cause 
t h e  a i r c r a f t  t o  c r a s h .  
J e t  f u e l  c o n t a m i n a t i o n  o f  a v g a s  
c a n  e a s i l y  o c c u r  b e f o r e  t h e  f u e l  
r e a c h e s  t h e  f l i g h t l i n e .  G e n e r a l l y ,  
r e f i n e r i e s  m a i n t a i n  h i g h  s t a n d a r d s  
o f  q u a l i t y  c o n t r o l  o v e r  t h e i r  
p r o d u c t s  a n d  f o r m e r l y ,  t h e  major 
f u e l  processors d e l i v e r e d  f u e l  
d i r e c t l y  t o  t h e  f l i g h t l i n e  a n d ,  o n  
o c c a s i o n ,  t o  t h e  w a i t i n g  a i r c r a f t .  
T h i s  c o n t r o l  o f  t h e i r  p r o d u c t  is  
now p l a c e d  i n  t h e  h a n d s  o f  
t r a n s p o r t  c o m p a n i e s  t h a t  p i c k  up 
t h e  p r o d u c t s  a t  t h e  r e f i n e r y  a n d  
t r a n s p o r t  t hem t o  l o c a l  a rea  
d i s t r i b u t o r s .  T h e s e  d i s t r i b u t o r s  
t h e n  t r a n s p o r t  t h e  f u e l  t o  t h e  
a i r p o r t  w h e r e  i t  i s  p l a c e d  i n  
s t o r a g e  t o  b e  t r a n s p o r t e d  t o  t h e  
b y  f l i g h t l i n e  i n  ref u e l e r s  
f l i g h t l i n e  p e r s o n n e l .  The 
p o t e n t i a l  f o r  c o n t a m i n a t i o n  o f  
a v g a s  e x i s t s  a t  many p o i n t s  i n  t h e  
t r a n s p o r t a t i o n  process a n d  
i n c r e a s e s  w i t h  more f r e q u e n t  
h a n d l i n g  of t h e  f u e l .  
The j e t  e n g i n e ,  u n l i k e  t h e  
r e c i p r o c a t i n g  p i s t o n  e n g i n e  w h i c h  
r e q u i r e s  a v g a s ,  opera tes  o n  a l e s s  
c o s t l y ,  more e f f i c i e n t ,  k e r o s e n e  
b a s e  f u e l .  W i t h  t h e  a d v e n t  o f  t h e  
j e t  e n g i n e ,  f i x e d - b a s e  o p e r a t o r s  
( F B O ' s )  who p r e v i o u s l y  r e f u e l e d  
a i r c r a f t  e x c l u s i v e l y  w i t h  a v g a s  
a r e  now d i s p e n s i n g  b o t h  f u e l s  s i -  
m u l t a n e o u s l y .  T h u s  t h e  p o t e n t i a l  
f o r  i n a d v e r t e n t l y  m i x i n g  t h e  two 
f u e l s  is  i n c r e a s i n g  w i t h  g r e a t e r  
j e t  f u e l  u s a g e .  The j e t  f u e l  
c o n t a m i n a n t  c a u s e s  a h i g h l y  
d e s t r u c t i v e  process known a s  
" d e t o n a t i o n "  when t h e  m i x t u r e  i s  
consumed i n  a r e c i p r o c a t i n g  p i s t o n  
e n g i n e .  
T h e  e f f e c t  of c o n s u m i n g  j e t  f u e l  
i n  a r e c i p r o c a t i n g  p i s t o n  e n g i n e  
i s  b o t h  r a p i d  a n d  d e s t r u c t i v e .  
D u r i n g  t h e  compression s t r o k e  o f  a 
s p a r k  i g n i t i o n  e n g i n e  t h e  
2 
p r e s s u r e ,  d e n s i t y ,  a n d  t e m p e r a t u r e  
a r e  i n c r e a s e d .  The  m i x t u r e  is 
i g n i t e d  by a n  e l e c t r i c a l  spark  
a f t e r  a p r o p e r  d e l a y  t i m e .  T h e  
f l a m e  f r o n t  c r e a t e d  b y  i g n i t i o n  
t r a v e l s  ac ross  t h e  c o m b u s t i o n  
c h a m b e r  a t  a more o r  less  o r d e r l y  
r a t e  a s  p r e s s u r e  rises u n i f o r m l y .  
Ahead  of t h e  f l a m e  t r o n t  t h e  
u n b u r n e d  m i x t u r e  is c o m p r e s s e d  b y  
t h e  r i s i n g  p r e s s u r e  w i t h  a 
c o r r e s p o n d i n g  r ise i n  temperature  
a n d  d e n s i t y .  I n j e c t i o n  o f  j e t  f u e l  
a s  a c o n t a m i n a n t  a l t e r s  t h e  
i g n i t i o n  p o i n t  o f  t h e  u n b u r n e d  g a s  
so  t h a t  i t  i g n i t e s  b e f o r e  t h e  
f lame f r o n t  a r r i v e s .  The  r e s u l t  is  
a u t o i g n i t i o n  w i t h i n  t h e  u n b u r n e d  
g a s e s  i n  a d v a n c e  o f  t h e  a p p r o a c h -  
i n g  f l a m e  f r o n t .  The o r d e r l y  
~ process becomes u n c o n t r o l l e d  a n d  a 
v i o l e n t  p r e s s u r e  r ise  occurs .  
E n e r g y  is released a t  s u c h  a h i g h  
l r a t e  t h a t  t h e  w a l l s  o f  t h e  chamber  
v i b r a t e .  T h i s  phenomena is  known 
a s  d e t o n a t i o n  a n d  is  a n a l o g o u s  t o  
t h e  more f a m i l i a r  " k n o c k i n g "  i n  a n  
a u t o m o t i v e  e n g i n e .  I t  c a n  become 
1 so  e x t r e m e  a s  t o  c a u s e  c a t a s t r o -  
p h i c  d e s t r u c t i o n  o f  t h e  c o m b u s t i o n  i c h a m b e r  w i t h  s u b s e q u e n t  e n g i n e  
1 f a i l u r e .  
I 
l C o n t a m i n a t i o n  of a v g a s  by  j e t  f u e l  
t a l s o  r e s u l t s  i n  a d e c r e a s e d  o c t a n e  i rating when compared with pure 
a v g a s .  T h e r e f o r e ,  t h e  d e g r a d a t i o n  
w a s  u s e d  a s  a b a s e l i n e  w i t h  w h i c h  
t h e  t e s t  d a t a  d e r i v e d  f r o m  t h i s  
e x p e r i m e n t a t i o n  c o u l d  b e  r e l a t e d .  
I t  m u s t  be e m D h a s i z e d  t h a t  t h i s  
L 
' was n o t  a n  a t t e m D t  t o  e v a l u a t e  t h e  
t o l e r a n c e  o f  a r e c i p r o c a t i n g  p i s -  
t o n  e n q i n e  f o r  c o n t a m i n a t e d  f u e l .  
The P e t r o l e u m  T e s t i n g  L a b o r a t o r y  
a t  t h e  N o r f o l k  N a v a l  S u p p l y  
S t a t i o n  i n  N o r f o l k ,  V i r g i n i a ,  
a n a l y z e d  f u e l  samples t o  assist  i n  
e v a l u a t i o n  o f  t h e  e x t e n t  o f  d e g r a -  
d a t i o n  a t  v a r i o u s  c o n t a m i n a t i o n s .  
The P e t r o l e u m  T e s t i n g  L a b o r a t o r y  
u s e d  a s t a n d a r d  l a b o r a t o r y  knock  
c o n t a i n s  a s i n g l e  c y l i n d e r ,  o v e r -  
h e a d  v a l v e s  , a two-bowl 
c a r b u r e t o r ,  a n d  a c o n t i n u o u s l y  
v a r i a b l e  c o m p r e s s i o n  r a t i o  t h a t  
may b e  c h a n g e d  a t  w i l l  d u r i n g  t h e  
o p e r a t i o n .  A s y n c h r o n o u s  g e n e r a -  
t o r ,  p h a s e d  t o  a .c .  power, 
m a i n t a i n s  c o n s t a n t  speed .  The t w o  
c a r b u r e t o r  f l o a t  b o w l s  c a n  b e  
r a i s e d  o r  lowered  t o  c h a n g e  t h e  
f u e l / a i r  r a t i o .  A b l e n d e d  f u e l  o f  
known o c t a n e  number ,  composed o f  
n - h e p t a n e  ( o c t a n e  number = 0 )  a n d  
i s o - o c t a n e  ( o c t a n e  number = l o o ) ,  
i s  p l a c e d  i n  o n e  b o w l  a n d  t h e  
c o n t a m i n a t e d  sample i s  p laced  i n  
t h e  o t h e r .  The e n g i n e  is s t a r t e d  
o n  t h e  s t a n d a r d  f u e l  u n d e r  h i g h l y  
c o n t r o l l e d  c o n d i t i o n s  ( tempera- 
t u r e ,  a i r  i n t a k e ,  s p a r k  a d v a n c e ,  
e t c . ) .  The f u e l / a i r  r a t i o  is 
a d j u s t e d  u n t i l  maximum k n o c k  i s  
o b t a i n e d .  The e n g i n e  is  t h e n  
a d j u s t e d  t o  a s t a n d a r d  c o m p r e s s i o n  
r a t i o  a n d  l o c k e d  i n t o  p o s i t i o n .  
The s t a n d a r d  f u e l  is  t h e n  replaced 
w i t h  t h e  c o n t a m i n a t e d  f u e l  a n d  i t s  
o c t a n e  r a t i n g  is  o b t a i n e d  f r o m  t h e  
s t a n d a r d  knock  meter o n  t h e  
e n g i n e .  T a b l e  #1 i l l u s t r a t e s  t h e  
data obtained from t h i s  operat ion.  
e n g i n e  f o r  t h e s e  t e s t s .  I t  
TABLE #1 OCTANE LOSS FROM CONTAMINATION 
CONTAMINATION LEVEL 
FUEL 
2 %  3 %  
J P - 4  0 . 6  1 . 2  2 . 2  
J P - 5  1 . 0  1 . 9  2.7 
-
1 %  
JET-A * 0 .9  1.8 2 . 6  
* OCTANE REDUCTION 
4 %  
2 .7  
3 . 5  
3 . 6  
5% 
4 . 7  
3 . 3  
4 . 6  
3 
Engine manufacturers generally 
allow approximately 10 to 12 
percent change in fuel/air ratio 
as a detonation margin. If this 
detonation margin is applied to 
knock limited power curves it will 
be found to equate to an octane 
l o s s  of 2 to 3 octane numbers. 
That is, a loss of 2 to 3 octane 
numbers will use up the design 
safety margin and theoretically 
subject the engine to possible 
damage from detonation. Data from 
Table #1 indicates that a loss of 
2 octane numbers is reached 
slightly beyond 2% contamination 
of avgas by jet fuel. Therefore, a 
detection test must be capable of 
identifying any heavy hydrocarbon 
content in excess of that found in 
a mixture of 2% jet fuel contami- 
nation. This criteria becomes the 
sensitivity requirement of the 
evaporation test discussed in the 
following section. 
TEST DESIGN PHILOSOPHY 
The necessity of designing 
separate test instruments for each 
of two situations became quickly 
evident during the early stages of 
this investigation. Since contami- 
nation can occur at many points 
along the transportation route the 
FBO has a valid argument for an 
instrument with which to exercise 
good quality control over his fuel 
handling operation and assure 
delivery of an uncontaminated 
product to the aircraft. However, 
not all pilots obtain fuel from an 
FBO and the need exists for a 
pilot oriented test to be 
performed during pre-flight tests 
that will assure him that he has 
uncontaminated fuel for flight. 
The pilot's test, performed on the 
flightline, must be quickly and 
easily completed in an environment 
that is protected from varying 
flightline conditions. The FBO, 
however, operates in a less 
variable environment afforded by 
his hangar office. He also 
services a large number of pilots 
and these two factors justify more 
comprehensive testing and test 
equipment than those required by 
the pilot. 
The philosophy described above led 
to the development of the Evapora- 
tion Test and the Gas Chromato- 
graph Test for the pilot and the 
FBO, respectively. Prototype in- 
struments were designed for the 
Evaporation Test by AOPA of 
Frederick, Maryland and for the 
Gas Chromatograph Test by GOW-MAC 
Instruments, Inc. of Bridgewater, 
New Jersey. The philosophy and 
data described in the following 
text were utilized in the design 
of these instruments. Reports from 
each of these companies are 
included in this document as 
ATTACHMENTS A( C-1 ) and B( D-1). 
NASA's intention is to record the 
results of this investigation so 
that the aircraft industry may 
benefit from its use to decrease 
the potential for misfueling gene- 
ral aviation aircraft. 
Avgas and jet fuel are both 
composed of hydrocarbon compounds 
that are classified into four 
general types. These include 
paratfins, napthenes, aromatics, 
and olefins; and their molecular 
weights vary respectively with 
paraffins being the lightest and 
most mobile. Avgas is comprised 
primarily of smaller, lighter 
hydrocarbon molecules while those 
of jet fuel are larger and 
heavier. Thus, identification of 
the detonation potential of jet 
fuel contamination in avgas 
becomes a factor of identifying 
the relative amount of the heavier 
compounds present. Quantitative 
measurement is not necessary since 
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pure avgas and contaminated avgas 
furnish unique characteristics 
that are easily identified by 
comparative analysis. In the case 
of the Evaporation Test, jet fuel 
contamination was found to retard 
the evaporation rate of avgas. The 
retardation exhibited a direct 
relationship to the amount of 
contamination present and it 
becomes an excellent measure of 
that contamination. The physical 
appearance of the evaporating fuel 
sample also takes on a unique 
characteristic that provides a 
qualitative test for contamination 
of avgas by jet fuel. 
The Gas Chromatograph Test, simi- 
lar in principle to the 
Evaporation Test, is a more 
comprehensive test requiring more 
sophisticated equipment but 
providing greater sensitivity. It 
utilizes the principle of preie- 
rential adsorption of hydrocarbon 
compounds by a selective medium. 
Comparative analysis of the resul- 
ting data may also be employed 
since pure avgas components 
provide entirely different adsorp- 
tive characteristics than those of 
avgas contaminated with jet fuel. 
Other test methods such as refrac- 
tometry, paper chromatography, 
spectrofluorimetry, digital 
photometry, etc. were investigated 
for possible use in this project. 
Each was eliminated in favor of 
evaporation (pilot's test) and gas 
chromatography ( F B O ' s  test) as a 
means of detecting jet fuel 
contamination of avgas. Most of 
the rejected met hods were 
eliminated because of unreasonable 
equipment expense or increased 
test complexity. 
Each of the two selected fuel 
Contamination detection tests was 
subjected to intensive investiga- 
tion in the chemistry laboratory 
at the Wallops Flight Facility. 
The result was construction of a 
data base from which test sensiti- 
vity, sample size, contamination 
level, and environmental effects 
could be determined. The remainder 
of this document describes the 
manner in which that data was 
obtained and the recommendations 
that resulted from its analysis. 
EVAPORATION TEST 
The first evaporation tests were 
performed using ordinary brown 
kraft paper as the evaporation 
medium. Its universal availability 
and low cost were attractive for 
use in an inexpensive evaporation 
kit designed for use by pilots on 
the flightline. However, inconsis- 
tent results were obtained since 
kraft paper contains large 
variations in composition. 
Laboratory filter paper, unlike 
kraft paper, is produced under 
precise composition specifications 
and good quality control and 
though more expensive, it produced 
excellent results. Its use in an 
evaporation kit projected a 
considerable increase in expense. 
Tests were also performed on a 
relatively inexpensive white 
adding machine paper. It proved to 
be a very efficient alternative to 
those evaporation media previously 
tested. Data results were quite 
similar to those derived from the 
use of laboratory filter paper and 
it is recommended for use in a low 
cost evaporation kit. 
Environmental testing commenced 
after the paper evaporation medium 
was established. Excessive wind 
conditions were found to 
accelerate fuel evaporation, 
however, short term effects of 
temperature (0 to 40 deg C) and 
relative humidity (40 to 99%) were 
found to have a negligible effect. 
The use of a closed or protected 
container is re c omme nde d in 
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I Attachment A ( C - 3 )  to eliminate 
the effects of wind and 
precipitation on the kit as it is 
used on the flightline. 
, 
I The basic Evaporation Test for 
contaminated fuel consists of 
applying a measured fuel sample to 
the adding machine paper and 
observing its evaporation. Upon 
initial application the wet fuel 
appears as a visible spot on the 
paper. If the sample size is 
large, excess fuel may appear on 
the inner portion of the spot. If 
the fuel is uncontaminated, the 
spot will shrink evenly to very 
small dimensions before it com- 
pletely disappears. In contrast, 
if the fuel is Contaminated, the 
spot will not shrink as 
evaporation occurs. Instead it 
will e v a p o r a t e  e v e n l y  o v e r  t h e  
entire area until it is no longer 
visible. I 
The second observation is the time 
required to complete evaporation 
This is a measurable quantity and 
a more objective assessment of 
evaporation rate as a detection 
method. Assume that a pilot 
performs an evaporation test with 
a specific volume of an unknown 
sample. If the sample is pure 
avgas it will evaporate within a 
specific time. This time 
establishes the lower limit of an 
interval; the upper limit of which 
is the evaporation time of an 
equal volume of contaminated 
avgas. The interval, referred to 
as the "detection interval" is 
that time after initial applica- 
tion during which the paper must 
display no visible sign of 
unevaporated fuel if the sample is 
uncontaminated. Conversely, if the 
sample is contaminated, visible 
sign of unevaporated fuel will be 
displayed during the detection 
interval. It was necessary to 
establish the upper and lower 
limits for sample size and 
contamination levels by laboratory 
analysis. A sample size range of 
one (0.05 ml.) to five (0.25 ml.) 
drops and a contamination range of 
one to five percent were selected 
to provide evaporation test design 
data. Fifty samples were evapora- 
ted at each combination of sample 
size and contamination l e v e l  ove r  
the selected ranges. 
The acquired data indicates that 
evaporation of one-drop samples 
produced detection levels that 
were too brief to identify jet 
fuel contamination of avgas. Some 
of the larger samples required 
more than 20 minutes to completely 
evaporate where high contamination 
levels were involved. Obviously, a 
test of such length is not practi- 
cal for flightline operations. 
Small volume samples with low 
contamination levels evaporated 
much more rapidly and appear to be 
more practical. Figure 1 describes 
a typical detection interval. 
I Sl A 1  A 2  c1 c2 
t I I I 1 I 1 I I 
I I I 
Figure 1. Typical Detection Interval 
6 
Where T = Detection Interval 
S 1  = Start of Evaporation 
A1A2 = Evaporation Range for 50 Samples Avgas 
C1C2 = Evaporation Range for 50 Samples Contaminated Avgas 
If any unevaporated fuel is observed at any time during the detection 
interval the fuel sample must be considered to be contaminated. 
Pure avgas exhibited a rapid 
evaporation rate and a sharply 
defined evaporation point. Thus 
the data (evaporation times) were 
tightly dispersed about the avgas 
distribution mean (Ta), forming a 
sharply peaked distribution curve 
as shown in Figure 2. In contrast, 
contaminated fuels evaporated less 
rapidly and evaporation points 
were more subtle and difficult to 
deiine, resulting in broader 
distribution about the mean (Tc) 
and a flatter distribution curve. 
These data represent a normal 
Gaussian distribution and, as 
such, contain a probability of 
performance and a probability of 
non-performance, that when added, 
equals one. Therefore, extending 
the probability by using more than 
one standard deviation has the 
desired effect of increasing the 
probability of performance even 
though the detection interval is 
decreased. If the probability is 
extended to + or - five standard 
deviations (99.9999%) then the 
probability of non-performance 
becomes 0.000001% ( l / l O O O O O O ) .  
Applying this logic (as shown in 
Figure 2) allows the selection of 
a time differential that is a 
detection interval ( P 5 )  with a 
reasonable risk of non-performance 
(failure to identity contaminated 
fuel) that is acceptable to the 
general aviation community. The 
following equation was derived to 
evaluate detection intervals: 










Fiaure 2. Evaporation Rate Distribution 
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T = [Tc - P(tc)l - [Ta + P(ta)] 
Where : 
T = Detection Interval 
Ta = Avgas Distribution Mean 
Tc = Contaminated Avgas Distribution Mean 
ta = Avgas Standard Deviation 
tc = Contaminated Avgas Standard Deviation 
P = Desired Probability (number of standard deviations) 
Detection intervals in Appendix A 
(A-1) were calculated by use of 
this equation and reflect the 
contamination levels. Generally, 
the smaller sample sizes and lower 
contamination levels furnished 
shorter detection intervals. In 
fact, some of the samples 
evaporated so rapidly that 
negative numbers were generated 
indicating no available detection 
time. The length of time required 
to complete the entire test has 
been included (in parenthesis) 
since it is a prime consideration 
in selection of a suitable 
detection interval. If the 
detection interval is subtracted 
from the total test length, the 
result is the start time of the 
detection interval. Use of this 
data to design an evaporation test 
is predicated on the knowledge of 
sitivity and (2)total test time. 
For example, if the user requires 
positive identification of all 
~ contamination in excess of 4% and 
minutes in duration he is 
restricted to a sample size of 
either one or two drops. Any 
I contamination of avgas in greater 
concentration than that selected 
I from the data in Appendix A 
(Al-A2) will provide an indication 
of that contamination during the 
selected detection interval. 
I effects of varying sample size and 
~ 
I two requirements: (1)desired sen- 
l a test length not to exceed five 
I 
GAS CHROMATOGRAPHY TEST 
Gas chromatography is an analyti- 
tal technique that separates a 
compound into its basic components 
by preferential adsorption to a 
coated surface. Gas chromatographs 
are used to analyze a wide variety 
of compounds and many are designed 
primarily f o r  laboratory use. 
Consequently, they are quite 
complex and costly. However, these 
instruments are easily redesigned 
for specific usage, producing a 
m u c h  simplified and less c o s t l y  
design. A typical example of a 
specific use gas chromatograph is 
an instrument utilized by arson 
investigators to identify 
accelerants used in fires of 
suspicious nature. Such an 
instrument, specifically designed 
as a misfueling detection device 
is recommended for use by the FBO 
to aid him in maintaining good 
quality control over his own 
refueling operations and to verify 
the pilot's Evaporation Test in 
the event contamination is 
suspected. 
The basic components of a gas 
chromatograph include an oven, a 
column, a thermal conductivity 
detector, a signal conditioner, 
and an output recorder. The oven 
temperature may be manually or 
automatically varied, or it may be 
locked in isothermally which is 
adequate for misfueling detection. 
A gas chromatography column, a 
stainless steel tube (3.048m. by 
0.3175m.), packed with specially 
coated porous particles (10% 
SP-2340 on 80/100 Chromosorb), is 
contained within the oven. The 
packing absorbs a limited range of 
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hydrocarbon compounds including 
those of avgas and jet fuel. 
Helium, the carrier gas, flows 
constantly through the column to 
the detector and after sufficient 
warm-up time the detector is 
automatically zero-calibrated. 
Then a carefully measured fuel 
sample is injected into the heated 
input port where it is immediately 
vaporized. The helium gas trans- 
ports the vaporized sample through 
the column where its hydrocarbon 
components are adsorbed and 
desorbed at different rates. The 
lighter, more volatile components 
are desorbed first and conse- 
quently reach the detector before 
the heavier components. As each of 
the components passes through the 
detector it produces an electrical 
signal proportional to the amount 
of each component present in each 
sample. The signal is conditioned 
to drive a chart recorder that 
produces a pattern of peaks 
(chromatogram) each of which 
identifies a component of the 
sample. If test conditions such as 
sample size, oven temperature, and 
helium flow are held constant 
chromatogram repeatability is 
excellent. Thus it is a simple 
matter to compare an unknown 
sample with a pure avgas sample to 
ascertain if the jet fuel 
components are present. 
As stated above, the output from a 
gas chromatograph is a pattern of 
peaks known as a chromatogram 
which is capable of representing 
each basic component of a complex 
hydrocarbon compound. Such a 
chromatogram is found in Appendix 
IV of Attachment B ( D - 5 2 ) .  It will 
be noted that the basic avgas 
components appear as a large flat- 
top peak. The chromatogram has 
been highly amplified to allow the 
small peaks that follow to be 
identitied thus causing the flat- 
top or overamplification of the 
avgas component. The sma 11 
following peaks indicate the 
presence of some of the basic 
components of jet fuel since even 
pure avgas contains them in minute 
quantities. The chromatogram 
obtained from one percent 
contamination demonstrates the 
same avgas peak but the jet fuel 
peaks are increased in amplitude, 
clearly identifying the increased 
contamination level. The size of 
the peaks is directly proportional 
to the contamination level and the 
time required to exit the column 
and produce a signal at the 
detector does not vary as long as 
all conditions are held constant. 
Thus, the peaks are easily 
identified as jet fuel components. 
Chromatograms of known contami- 
nated fuels are in effect 
'I s i gn a tu r e s 'I with which the 
signature of an unknown sample may 
be compared to determine the 
extent of jet fuel contamination. 
A gas chromatograph is capable of 
accurately detecting levels of jet 
fuel in avgas as low as 1%. Basic 
modified operat ion of the 
instrument is simple and results 
are highly repeatable. Overall; 
the reliability, brevity, 
sensitivity, and operational 
facility of the Gas Chromatograph 
Test combine to make it a feasible 
method of maintaining fuel integ- 
rity for the F B O " s  operations. The 
method is also a very efficient I 
back-up to confirm the Evaporation I 
Test in the event the pilot of a 
recently refueled aircraft 
suspects contamination. 
I 
GOW-MAC Instruments Company under 
contract to NASA, was assigned the 
task of modifying an existing gas 
chromatograph to verify the 
conclusions of this investigation. 
The modified instrument produced 
excellent results, verifying the 
capability of identifying contami- 
nation levels of as low as one 
9 
percent. It was also equipped with 
a small microcomputer that 
performed an analysis of the 
signal from the output and 
provided a simplified user 
oriented l'go/no go'' LED display. 
The complete report may be found 
in Attachment B(D-1). 
CONCLUDING REMARKS 
The detection methods described in 
this report have been researched 
and verified. This is the extent 
of the requirements of the 
Aircraft Misfueling Detection 
Project and this report represents 
the final documentation. However, 
in the interest of aviation 
safety, an additional observation 
must be reported. 
In the course of this investiga- 
tion many FBO's, pilots, and 
aircraft owners were interviewed, 
resulting in a genuine concern by 
most for fear of misfueling or 
being misfueled. However, in some 
cases, we encountered a cavalier 
approach to misfueling that leads 
to dangerous complacency. This was 
exemplified by some F B O ' s  who were 
not interested in purchasing 
detection equipment because they 
"had never experienced a situation 
where any of their personnel 
misfueled an aircraft with jet 
fuel. 'I Likewise, the question 
arose quite often as to whether 
pilots would take the time to use 
the Evaporation Test. Such 
attitudes are obviously dangerous 
in the aviation community where 
pilots and FBO's are responsible 
for the personal safety of others. 
The two tests described in this 
report have been proven to accomp- 
lish the detection of jet fuel 
contamination of avgas. They are, 
however, dependent on the attitude 
of the user. Commercialization of 
these products must be implemented 
by the aviation industry if they 
are to be utilized effectively by 
the aviation community. Since 
there are no regulations on the 
use of such devices it is incum- 
bent on the industry to research 
the marketing of these products to 
maximize their use in the interest 
of aviation safety. 
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1 DROP SAMPLE SIZE: 
CONTAMINATION SENSITIVITY 
LEVEL LX 2 x  3x 4x 5x 
MIN MIN MIN MIN MIN 
* * (  1 . 0 1  ) ( 0 . 9 2 )  ( 0 . 8 4 )  ( 0 . 7 5 )  ( 0 . 6 7 )  
1% * 0 . 1 4  0 . 0 1  - 0 . 1 1  -0 .24  -0 .36  
2 %  1 . 1 4  0 .77  0 . 4 0  0 . 0 2  - 0 . 3 5  
( 2 . 0 1 )  ( 1 . 6 8 )  ( 1 . 3 4 )  (1.01) ( 0 . 6 8 )  
3% 1 . 8 8  1 . 4 7  1 . 0 6  0 . 6 4  0 . 2 3  
( 2 . 7 5 )  ( 2 . 3 8 )  ( 2 . 0 1 )  ( 1 . 6 3 )  ( 1 . 2 6 )  
4 %  3 . 6 7  3 . 2 4  2 . 8 1  2 . 3 8  1 . 9 4  
( 4 . 5 4 )  ( 4 . 1 5 )  ( 3 . 7 6 )  ( 3 . 3 6 )  ( 2 . 9 7 )  
5 %  4 . 8 3  4 .04  3 . 2 6  2 . 4 7  1 . 6 8  
( 5 . 7 0 )  ( 4 . 9 5 )  ( 4 . 2 1 )  ( 3 . 4 6 )  ( 2 . 7 1 )  
2 DROP SAMPLE SIZE: 
1% 0 . 3 2  0 . 1 2  -0 .09  -0 .29  - 0 . 5 0  
( 1 . 4 3 )  ( 1 . 2 9 )  ( 1 . 1 4 )  ( 0 . 9 9 )  ( 0 . 8 5 )  
2 %  3 . 0 2  2 . 2 4  1 . 4 6  0 . 6 8  - 0 . 0 9  
( 4 . 1 3 )  ( 3 . 4 1 )  ( 2 . 6 9 )  ( 1 . 9 7 )  ( 1 . 2 5 )  
3 %  3 . 7 6  3 . 1 0  2 . 4 4  1 . 7 8  1 . 1 2  
( 4 . 8 7 )  ( 4 . 2 7 )  ( 3 . 6 7 )  ( 3 . 0 7 )  ( 2 . 4 7 )  
4 %  5 . 7 1  5 . 0 4  4 . 3 7  3 . 6 9  3 . 0 2  
( 6 . 8 2 )  ( 6 . 2 1 )  ( 5 . 5 9 )  ( 4 . 9 8 )  ( 4 . 3 7 )  
5% 7 . 8 9  7 . 0 3  6 . 1 7  5 .32 4 . 4 6  
( 9 . 0 0 )  ( 8 . 2 0 )  ( 7 . 4 0 )  ( 6 . 6 0 )  ( 5 . 8 0 )  
* DETECTION INTERVAL LENGTH (MINUTES) 
* *  MAXIMUM TEST LENGTH (MINUTES) 
X=S TANDARD DE VI AT I ON 
(NEGATIVE VALUES INDICATE NO DETECTION TINE AVAILABLE) 
A- 1 
3 DROP SAMPLE S I Z E :  
1% 0 . 6 0  
( 1 . 9 3 )  
2 %  4 . 0 0  
( 5 . 3 2 )  
3 %  6 . 4 3  
( 7 . 7 5 )  
4 %  8 .88  
( 1 0 . 2 1 )  
5% 1 0 . 4 4  
( 1 1 . 7 6 )  
4 DROP SAMPLE S I Z E :  
1% 1 . 3 7  
( 3 . 0 1 )  
2% 4 . 4 9  
( 6 . 1 3 )  
3% 8 . 3 2  
( 9 . 9 6 )  
4 %  1 5 . 3 2  
( 1 6 . 9 6 )  
5 %  1 7 . 8 9  
( 1 9 . 5 3 )  
5 DROP SAMPLE S I Z E :  
1% 2 . 3 0  
( 4 . 1 9 )  
2 %  5 . 2 3  
( 7 . 1 2 )  
3 %  1 0 . 4 5  
( 1 2 . 3 4  ) 
4 %  1 6 . 4 7  
( 1 8 . 3 6 )  
5 %  2 5 . 1 6  
( 2 7 . 0 6  ) 
0 . 0 8  
( 1 . 4 8 )  
3 .33  
( 4 . 7 3 )  
5 . 8 1  
( 7 . 2 0 )  
7 . 6 5  
( 9 . 0 4 )  
9 . 0 7  
( 1 0 . 4 7 )  
0 . 5 5  
( 2 . 2 9 )  
3 .81  
( 5 . 5 5 )  
7 . 3 7  
( 9 . 1 1 )  
1 3 . 9 5  
( 1 5 . 6 9 )  
1 6 . 6 1  
( 1 8 . 3 5 )  
1 . 4 7  
( 3 . 4 4 )  
4 . 5 7  
( 6 . 5 4 )  
9 . 3 5  
( 1 1 . 3 2 )  
1 5 . 4 1  
( 1 7 . 3 8 )  
2 3 . 9 4  
( 2 5 . 9 2 )  
-0 .44  
( 1 . 0 3 )  
2 . 6 7  
( 4 . 1 4 )  
5 .18  
( 6 . 6 5 )  
6 . 4 1  
( 7 . 8 8 )  
7 .70  
( 9 . 1 7 )  
-0 .27  
( 1 . 5 7 )  
3 .14  
( 4 . 9 7 )  
6 . 4 1  
( 8 . 2 5 )  
1 2 . 5 9  
( 1 4 . 4 3 )  
1 5 . 3 3  
( 1 7 . 1 7 )  
0 . 6 4  
( 2 . 6 9 )  
3 . 9 0  
( 5 . 9 5 )  
8 . 2 5  
( 1 0 . 3 0 )  
1 4 . 3 5  
( 1 6 . 4 0 )  
2 2 . 7 2  
( 2 4 . 7 7 )  
A-2 
-0 .96 
( 0 . 5 8 )  
2 . 0 0  
( 3 . 5 4 )  
4 . 5 6  
( 6 . 1 0 )  
5 .18 
( 6 . 7 2 )  
6 . 3 3  
( 7 . 8 8 )  
-1 .08  
( 0 . 8 5 )  
2 . 4 6  
( 4 . 4 0 )  
5 . 4 5  
( 7 . 3 9 )  
1 1 . 2 2  
( 1 3 . 1 6 )  
1 4 . 0 5  
( 1 5 . 9 9 )  
-0 .19  
( 1 . 9 5 )  
3 . 2 3  
( 5 . 3 7 )  
7 . 1 5  
( 9 . 2 9 )  
1 3 . 2 9  
( 1 5 . 4 2 )  
2 1 . 5 0  
( 2 3 . 6 3 )  
-1 .48  
( 0 . 1 3 )  
1 . 3 4  
( 2 . 9 5 )  
3 .94  
( 5 . 5 5 )  
3 . 9 4  
( 5 . 5 5 )  
4 . 9 7  
( 6 . 5 8 )  
-1 .90 
( 0 . 1 4 )  
1 . 7 8  
( 3 . 8 2 )  
4 . 5 0  
( 6 . 5 3 )  
9 . 8 6  
( 1 1 . 8 9 )  
1 2 . 7 7  
( 1 4 . 8 1 )  
-1 .02  
( 1 . 2 0 )  
2 . 5 7  
( 4 . 7 8 )  
6 . 0 6  
( 8 . 2 7 )  
1 2 . 2 3  
( 1 4 . 4 4 )  
20 .28  
( 2 2 . 4 9 )  
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A P P E N D I X  C 
C 
DEVELOPMENT OF A TEST KIT 
TO 
DETECT JET FUEL CONTAMINATION OF AVGAS 
RUSSELL S.  LAWTON 
V I C E  PRESIDENT, OPERATIONS 
AOPA A I R  SAFETY FOUNDATION 
4 2 1  AVIATION WAY 
FREDERICK,MARYLAND 
BACKGROUND t h a n  1 0 , 0 0 0  p i l o t s  a n d  a i r c r a f t  
A t e s t  p r o c e d u r e  t o  i d e n t i f y  
a v i a t i o n  f u e l  c o n t a m i n a t e d  w i t h  W i t h  r e s p e c t  t o  t h e  d e s i g n  a n d  
j e t  t u e l  was deve loped  a n d  t e s t ed  e v a l u a t i o n  o f  t h e  t e s t  k i t ,  t h e  
u n d e r  t h e  A i r c r a f t  M i s f u e l i n g  A i r  S a f e t y  F o u n d a t i o n  was a s k e d  
D e  tec t 1 o n  P r o  j ec t . Data was to:  
c o l l e c t e d  t o  q u a l i t y  o p e r a t i o n a l  ( 1 )  Review a v a i l a b l e  a c c i d e n t  
t e s t s  t h a t  may be u s e d  by  p i l o t s  r e p o r t s  t o  d e t e r m i n e  t h e  
t o  d e t e c t  c o n t a m i n a t e d  a v i a t i o n  o p e r a t i o n a l  modes  t h a t  
g a s o l i n e  ( a v g a s  1 p r i o r  t o  c o u l d  a f f e c t  t h e  d e s i g n  
t a k e - o f f .  R e p e a t e d  u s e  o f  a t e s t  o f  t h e  t e s t  k i t .  
k i t  by  p i l o t s  is h i g h l y  d e p e n d e n t  ( 2 )  C o n d u c t  a s u r v e y  o f  p i l -  
~ o n  t h e  u t i l i t y  a n d  a t t r a c t i v e n e s s  o t s ,  a i r c r a f t  o w n e r s  a n d  
1 o f  t h e  f i n a l  c o n f i g u r a t i o n  f o r  t h e  FBO's  t o  o b t a i n  i n f o r m a -  
I k i t .  t i o n  p e r t i n e n t  t o  t e s t  
I k i t  d e s i g n .  I n  a d d i t i o n ,  
T h e  AOPA A i r  S a f e t y  F o u n d a t i o n  was FBO's were a l s o  t o  b e  
i a s k e d  b y  NASA/Goddard S p a c e  F l i g h t  s u r v e y e d  o n  t h e  f e a s i b i l -  
C e n t e r / W a l l o p s  F l i g h t  F a c i l i t y  t o  i t y  a n d  p r a c t i c a l l y  o f  
d e s i g n  a n d  t e s t  t h e  f i n a l  c o n f i g u -  u s i n g  a g a s  c h r o m a t o g r a p h  
r a t i o n  o f  t h i s  k i t  among p i l o t s ,  d e t e c t i o n  u n i t .  
a i r c r a f t  o w n e r s  a n d  f i x e d - b a s e  ( 3 )  Describe t h e  d e s i g n  o f  a 
I o w n e r s  a n n u a l l y .  
, opera to r s  ( F B O ' s ) .  The  A i r  S a f e t y  p r o t o t y p e  c o n t a m i n a t i o n  
1 F o u n d a t i o n  was w e l l  s u i t e d  f o r  d e t e c t  i o n  k i t .  
t h i s  p u r p o s e  s i n c e  i t  c o n d u c t s  ( 4 )  Make  r e c o m m e n d a t i o n s  f o r  
t r a i n i n g  p r o g r a m s  a t t e n d e d  b y  more a d d i t i o n a l  t e s t i n g  of t h e  
I c-1 
d e s i g n  parameters i f  
n e c e s s a r y .  
( 5 )  P r o v i d e  d e s i g n  d r a w i n g s  f o r  
a n  o p e r a t i o n a l  t e s t  k i t  a n d  
i n s t r u c t i o n s  f o r  i t s  u s e .  
METHODOLOGY 
A c c  i d e n t / I n c  i d e n t  Rev iew 
A i r c r a f t  m i s f u e l i n g  a c c i d e n t s  and  
i n c i d e n t s  f r o m  1 9 6 4  t o  1 9 8 3  were 
r e v i e w e d  t o  d e v e l o p  a p r o f i l e  o f  
t h e  t y p i c a l  m i s f u e l i n g  s i t u a t i o n .  
T h e s e  a c c i d e n t s  a r e  c l a s s i f i e d  a s  
" F u e l  Grade - Improper , "  a n d  
i n c l u d e  those a c c i d e n t s / i n c i d e n t s  
w h e r e  t h e  i n c o r r e c t  t y p e  o f  f u e l  
w a s  u s e d  i n s t e a d  o f  t h e  f u e l  f o r  
w h i c h  t h e  e n g i n e  was o r i g i n a l l y  
c e r t i f i e d ,  e . g . ,  a u t o  f u e l ,  j e t  
f u e l ,  wrong  g r a d e ,  e k .  T h e  
f o l l o w i n g  d a t a  bases were q u e r i e d  
i n  order t o  r e t r i e v e  t h i s  
i n f o r m a t i o n :  
"Federal  A v i a t i o n  A d m i n i s t r a -  
t i o n  (FAA) - A c c i d e n t / I n c i -  
d e n t  Data S y s t e m  ( A I D S )  
* I n t e r n a t i o n a l  C i v i l  A v i a t i o n  
O r g a n i z a t i o n  ( I C A O )  - A c c i -  
d e n t  Data Reports  ( A D R E P S )  
Space A d m i n i s t r a t i o n  ( N A S A )  - 
A v i a t i o n  S a f e t y  R e p o r t i n g  
S y s t e m  ( A S R S )  
* N a t i o n a l  T r a n s p o r t a t i o n  S a f e -  
t y  B o a r d  ( N T S B )  - B r i e f s  o f  
A c c i d e n t s  for  U . S .  G e n e r a l  
A v i a t i o n  
* N a t i o n a l  A e r o n a u t i c s  a n d  
The a c c i d e n t / i n c i d e n t  r e p o r t s  f r o m  
t h e  f i v e  d a t a  bases  were compared  
i n  o r d e r  t o  e l i m i n a t e  d u p l i c a t e  
r e p o r t s .  S e v e n t y - s e v e n  r e p o r t s  
were f o u n d  u n d e r  t h e  c l a s s i f i c a -  
t i o n  " F u e l  Grade - I m p r o p e r . "  
T h e r e  were no  reported a c c i d e n t s /  
i n c i d e n t s  w h e r e  s i n g l e  e n g i n e  
a i r c r a f t  c e r t i f i e d  t o  u s e  a v i a t i o n  
g a s o l i n e  were m i s f u e l e d  w i t h  j e t  
f u e l .  The  s i n g l e  e n g i n e  a i r c r a f t  
a c c i d e n t s  r e v i e w e d  were caused  d u e  
t o  water  c o n t a m i n a t i o n  a n d / o r  t h e  
i m p r o p e r  u s e  o f  a u t o  f u e l .  
The  a i r c r a f t  most o f t e n  m i s f u e l e d  
w i t h  j e t  f u e l  were t w i n  e n g i n e  
a i r c r a f t  b e l o n g i n g  t o  a manufac -  
t u r e r ' s  p r o d u c t  l i n e  u t i l i z i n g  
b o t h  p i s t o n  a n d  t u r b i n e  e n g i n e s ,  
e . g . ,  Aero Commander  a n d  C e s s n a  
400 se r ies .  O t h e r  t w i n  e n g i n e  
a i r c r a f t  m i s f u e l e d  w i t h  j e t  f u e l  
were t h e  r e s u l t  o f  i m p r o p e r l y  
t r a i n e d  f l i g h t  l i n e  s e r v i c e  
p e r s o n n e l  who a s sumed  t h a t  t h e  
a i r c r a t t  s h o u l d  be s e r v i c e d  w i t h  
j e t  t u e l  i n s t e a d  o f  a v g a s .  
The  m o s t  r e l i a b l e  method o f  
d e t e c t i n g  j e t  f u e l  c o n t a m i n a t i o n  
o f  a v g a s  when u t i l i z i n g  t h e  
e v a p o r a t i o n  t e s t  i s  by o b t a i n i n g  a 
f u e l  s a m p l e  f r o m  t h e  a i r c r a f t  f u e l  
t a n k  f i l l e r  p o r t  w h e r e  t h e  j e t  
f u e l  may be i n t r o d u c e d .  The  f u e l  
t a n k  f i l l e r  p o r t s  o n  many of t h e  
a i r c r a f t  i n v o l v e d  i n  m i s f u e l i n g  
a c c i d e n t s  a r e  d i f f i c u l t  t o  access 
by p i l o t s  d u r i n g  n o r m a l  p r e f l i g h t  
i n s p e c t i o n  w i t h o u t  t h e  u s e  of a 
l a d d e r .  I t  was r e c o m m e n d e d  t h a t  
N A S A  c o n d u c t  a t e s t  t o  d e t e r m i n e  
how q u i c k l y  t h e  f u e l  i n  a n  
a i r c r a f t  t a n k  c o u l d  be 
c o n t a m i n a t e d  w i t h  j e t  f u e l  when i t  
was i n t r o d u c e d  a t  t h e  f i l l e r  n e c k  
a n d  c o m b i n e d  w i t h  a v g a s .  
A t e s t  was c o n d u c t e d  a t  t h e  
d e t e r m i n e  t h e  t i m e  r e q u i r e d  f o r  a 
two p e r c e n t  b y  v o l u m e  sample  o f  
j e t  f u e l  t o  c o m p l e t e l y  mix w i t h  a 
c o n t a i n e r  o f  a v g a s .  A l t h o u g h  t h e  
t w o  f u e l s  mixed  a lmost  i n s t a n t l y  
w i t h i n  t h e  c o n t a i n e r ,  more t i m e  
would b e  r e q u i r e d  f o r  t h e  c o n t a m i -  
n a t e d  f u e l  t o  s e t t l e  i n t o  a n  
a i r c r a f t  f u e l  s t r a i n e r  a n d  sump 
s y s t e m .  
Wallops F l i g h t  F a c i l i t y  t o  
Many a i r c r a f t  u t i l i z e  m u l t i p l e  
f u e l  t a n k s  a n d  i n t r i c a t e  t u e l  l i n e  
s y s t e m s .  T h e r e f o r e ,  t h e  e v a p o r a -  
t i o n  t e s t  method i s  most r e l i a b l e  
w h e n  a f u e l  s a m p l e  i s  o b t a i n e d  
f r o m  t h e  f u e l  t a n k  t i l l e r  p o r t .  
c-2 
D e t e c t i o n  K i t  D e v e l o p m e n t  
D e m o n s t r a t i o n s  of t h e  e v a p o r a t i o n  
t e s t  were c o n d u c t e d  by  A i r  S a f e t y  
F o u n d a t i o n  s t a f f  a t  v a r i o u s  
t r a i n i n g  programs t h r o u g h o u t  t h e  
U n i t e d  S t a t e s .  A p p r o x i m a t e l y  600 
p i l o t s  a n d  a i r c r a f t  o w n e r s  
o b s e r v e d  t h e  tes t  u t i l i z i n g  
l a b o r a t o r y  f i l t e r  p a p e r  a n d  a v g a s  
s a m p l e s  composed o f  t w o  p e r c e n t  
a n d  f i v e  p e r c e n t  l e v e l s  o f  j e t  
f u e l  c o n t a m i n a t i o n .  E v e r y o n e  
o b s e r v i n g  t h e  t es t  was impressed 
w i t h  i t s  s i m p l i c i t y  a n d  ease  o f  
u s e .  
T h o s e  i n  a t t e n d a n c e  were a s k e d  i f  
t h e y  wou ld  p u r c h a s e  a k i t  i f  t h e  
p r i c e  were u n d e r  t e n  d o l l a r s .  Many 
s t a t e d  t h a t  t h e y  would  n o t  
p u r c h a s e  t h e  k i t  i f  t h e  c o s t  was 
more t h a n  t e n  d o l l a r s .  
C o n s i d e r i n g  t h e  feedback  r e c e i v e d  
f r o m  these  people ,  i t  is 
d e t e r m i n e d  t h a t  t h e  t e s t  k i t  
s h o u l d  be c o n s t r u c t e d  f rom r e a d i l y  
a v a i l a b l e  m a t e r i a l s  so t h a t  i t  c a n  
be p r o d u c e d  a n d  s o l d  c o m m e r c i a l l y  
f o r  l e s s  t h a n  t e n  d o l l a r s .  O t h e r  
f a c t o r s  t h a t  n e e d  t o  be c o n s i d e r e d  
i n  t h e  d e s i g n  of t h e  t e s t  k i t  a re :  
* D u r a b i l i t y  a n d  ease of p o r t -  
* A b i l i t y  t o  w i t h s t a n d  temper- 
* A s u f f i c i e n t  q u a n t i t y  of t e s t  
a b i l i t y .  
a t u r e  extremes. 
paper  t o  c o n d u c t  r e p e a t e d  
tests.  
* A method of s h i e l d i n g  t h e  
t e s t  paper  f r o m  wind  s i n c e  
t h e  r a t e  of e v a p o r a t i o n  is  
c r i t i c a l  i n  t h e  d e t e c t i o n  of 
j e t  f u e l .  
The p r o j e c t  team b e l i e v e d  t h a t  
most  p i l o t s  a n d  a i r c r a f t  o w n e r s  
would  n o t  go t o  a l o c a t i o n  w h e r e  
l a b o r a t o r y  f i l t e r  p a p e r  i s  s o l d  i n  
o r d e r  t o  o b t a i n  r e p l a c e m e n t  p a p e r  
f o r  s a m p l i n g .  O t h e r  p a p e r  t y p e s  
were e v a l u a t e d  w h i c h  m i g h t  be more 
r e a d i l y  a v a i l a b l e .  A good 
~~ 
c-3 
s u b s t i t u t e  was f o u n d  b y  u s i n g  
p l a i n  w h i t e  c a l c u l a t o r  paper  w h i c h  
w a s  n o t  t r e a t e d  w i t h  a n y  t y p e  of 
p r e s s u r e  s e n s i t i v e  m a t e r i a l .  T h i s  
t y p e  o f  paper  is b o t h  r e a d i l y  a- 
v a i l a b l e  a n d  i n e x p e n s i v e ,  t h e r e b y ,  
b e i n g  more c o n d u c i v e  t o  f r e q u e n t  
u s e  a n d  r e p l a c e m e n t .  P l a i n  w h i t e  
c a l c u l a t o r  paper  made f r o m  1 2 - l b .  
l i g h t w e i g h t  bond was e v a l u a t e d  by 
t h e  NASA Goddard  S p a c e  F l i g h t  
C e n t e r / W a l l o p s  F l i g h t  F a c i l i t y  a n d  
d e t e r m i n e d  t o  be o f  c o n s i s t e n t  
q u a l i t y  f o r  r e p e a t e d  e v a p o r a t i o n  
tests.  
A box capable  of h o l d i n g  a 2-1/4" 
w i d e  r o l l  of c a l c u l a t o r  paper was 
f a b r i c a t e d  f rom 1 /8"  c l e a r  a c r y l i c  
( F i g u r e  I). The  p a p e r  r o l l  is ted  
t h r o u g h  a t e n s i o n  d e v i c e  w h i c h  
a s s u r e s  a t l a t  a rea  o n  t h e  paper 
t o r  c o n d u c t i n g  t h e  t e s t .  A 1 - 1 / 2 "  
d i a m e t e r  o p e n i n g  o n  t h e  t e n s i o n  
d e v i c e  is  u s e d  t o  p l a c e  t h e  f u e l  
s ample  o n  t h e  p a p e r .  The  t e n s i o n  
d e v i c e  is  s e t  3 / 4 "  down f r o m  t h e  
t o p  of t h e  box  f o r  wind  
p r o t e c t i o n .  A f e e d  s l o t  o n  t h e  box  
s i d e  a l l o w s  t h e  u s e d  p a p e r  t o  b e  
removed, t o r n  o f f ,  a n d  rep laced  by 
a c l e a n  s a m p l e .  O n c e  t h e  p a p e r  
s u p p l y  is  d e p l e t e d ,  i t  c a n  be 
r e p l a c e d  by t u r n i n g  t h e  box  u p s i d e  
down a n d  s l i d i n g  o u t  t h e  u s e d  
pape r  r o l l .  A h o l d e r  f o r  t h e  eye 
d r o p p e r  a n d  a t t a c h m e n t  l i n e  was 
moun ted  o n  t h e  box  l i d .  
O n c e  t h e  p r o t o t y p e  t e s t  k i t  was 
f a b r i c a t e d  a n d  r e f i n e d ,  d e m o n s t r a -  
t i o n s  were c o n d u c t e d  a t  A i r  S a f e t y  
F o u n d a t i o n  t r a i n i n g  p r o g r a m s .  The 
p i l o t s  a n d  a i r c r a f t  o w n e r s  i n  
a t t e n d a n c e  o b s e r v e d  a d e m o n s t r a -  
t i o n  of t h e  t e s t  k i t s  a n d  were 
g i v e n  a n  o p p o r t u n i t y  t o  c o n d u c t  
t h e  t e s t  i n d i v i d u a l l y .  Comments 
c o n c e r n i n g  t h e  s i m p l i c i t y  a n d  ease 
o f  u s i n g  t h e  t e s t  k i t  were 
e x t r e m e l y  p o s i t i v e .  Most who 
p a r t i c i p a t e d  a n d / o r  o b s e r v e d  t h e  
d e m o n s t r a t i o n  s t a t e d  t h e y  wou ld  
p u r c h a s e  t h e  k i t  i f  i t  s o l d  i n  t h e  
msunrHwmDlrnon 
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c-4 
$10-$15 p r ice  r a n g e .  
D e m o n s t r a t i o n s  of t h e  p r o t o t y p e  
t e s t  k i t  were a l s o  c o n d u c t e d  a t  
t e n  f i x e d  base ope ra to r s  ( F B O ' s )  
i n  t h e  e a s t e r n  U.S. T h e  FBO s t a f f s  
o b s e r v i n g  t h e  d e m o n s t r a t i o n s  were 
a l s o  i m p r e s s e d  t h a t  j e t  f u e l  
c o n t a m i n a t i o n  c o u l d  b e  detected 
w i t h  t h i s  s i m p l e  me thod .  T h e s e  
same F B O ' s  were a l so  q u e r i e d  
c o n c e r n i n g  t h e  p o s s i b i l i t y  o f  
u s i n g  a g a s  c h r o m a t o g r a p h  a s  a 
p o s i t i v e  t e s t  o n c e  j e t  f u e l  
c o n t a m i n a t i o n  was s u s p e c t e d .  
A l t h o u g h  t h e  FBO p e r s o n n e l  were 
g e n e r a l l y  i n  f a v o r  o f  u s i n g  a more 
p o s i t i v e  i n d i c a t i o n  o f  j e t  f u e l  
c o n t a m i n a t i o n ,  t h e y  b a l k e d  a t  
p u r c h a s i n g  a $1500 - $ 2 0 0 0  
i n s t r u m e n t  w h i c h  c o u l d  o n l y  be 
u s e d  f o r  t h i s  o n e  tes t  p r o c e d u r e .  
T h e s e  same F B O ' s  e x p r e s s e d  
r e t i c e n c e  a t  p u r c h a s i n g  t h i s  
e q u i p m e n t  s i n c e  t h e y  h a d  n e v e r  
e x p e r i e n c e d  a s i t u a t i o n  where  a n y  
o f  t h e i r  p e r s o n n e l  m i s f u e l e d  a n  
a i r c r a f t  w i t h  j e t  f u e l .  The  F B O ' s  
e x p r e s s e d  i n t e r e s t  i n  v i e w i n g  a 
d e m o n s t r a t i o n  of t h e  gas  chromato- 
g r a p h ,  however  a d e m o n s t r a t i o n  
u n i t  was n o t  a v a i l a b l e  w h e n  t h e  
s u r v e y  was c o n d u c t e d .  
D e s i q n  P a r a m e t e r s  
The p r o t o t y p e  t e s t  k i t  d e v e l o p e d  
b y  t h e  A i r  S a f e t y  F o u n d a t i o n  which  
was described p r e v i o u s l y  a n d  
d e t a i l e d  i n  F i g u r e  1 a p p e a r s  t o  
meet t h e  o b j e c t i v e s  i n  t h e  
S t a t e m e n t  o f  Work .  The t e s t  k i t  is 
s m a l l  e n o u g h  t o  be c a r r i e d  i n  t h e  
t y p i c a l  p i l o t ' s  f l i g h t  case .  The  
e s s e n t i a l  k i t  c o m p o n e n t s  (paper  
r o l l  a n d  e y e  d r o p p e r )  a r e  e a s y  t o  
replace a n d  i n e x p e n s i v e .  Most 
i m p o r t a n t l y ,  t h e  t e s t  k i t  c a n  
r e p e a t e d l y  d e t e c t  a j e t  f u e l  
c o n t a m i n a t i o n  l e v e l  o f  t w o  p e r c e n t  
by vo lume .  
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The  t e s t  k i t  s h o u l d  be c o n s t r u c t e d  
f r o m  a c r y l i c  ma te r i a l  o f  a t  l e a s t  
1 /8"  t h i c k n e s s  t o  w i t h s t a n d  n o r m a l  
wear a n d  t e a r  a s  w e l l  a s  t h e  r a n g e  
of: t e m p e r a t u r e s  e n c o u n t e r e d  i n  
a v i a t i o n  operat  i o n s .  P r o t o t y p e  
t e s t  k i t s  were c o n s t r u c t e d  o f  
1 /16"  p l a s t i c s ,  b u t  these were n o t  
of a d e q u a t e  d u r a b i l i t y .  
The  w h i t e  c a l c u l a t o r  paper w o r k e d  
a s  w e l l  a s  t h e  l a b o r a t o r y  f i l t e r  
paper i n  d e t e c t i n g  j e t  f u e l  
c o n t a m i n a t i o n  o f  a v g a s .  A r o l l  o f  
c a l c u l a t o r  paper  cos t s  a p p r o x i m a t -  
e l y  o n e  d o l l a r  a n d  is n o r m a l l y  200 
f e e t  l o n g .  Anyone c o n d u c t i n g  t h e  
t e s t  n e e d  n o t  be c o n c e r n e d  w i t h  
t h e  e x p e n s e  o t  t h e  pape r ,  a n d  
h o p e f u l l y ,  w i l l  c o n d u c t  a s  many 
tes ts  as  n e c e s s a r y  t o  be c o n f i d e n t  
t h a t  n o  j e t  f u e l  c o n t a m i n a t i o n  
e x i s t s .  
The e y e  dropper u s e d  t o  o b t a i n  t h e  
f u e l  samples  is s tored  o n  t h e  l i d  
o f  t h e  t e s t  k i t .  A n y l o n  l i n e  
t h r e e  f e e t  i n  l e n g t h  a t t a c h e s  t h e  
e y e  d r o p p e r  t o  t h e  t e s t  k i t .  The  
n y l o n  l i n e  a l lows t h e  i n d i v i d u a l  
t o  r e t r i e v e  t h e  e y e  d r o p p e r  i n  t h e  
e v e n t  i t  is dropped i n t o  t h e  f u e l  
t a n k  w h i l e  o b t a i n i n g  a f u e l  sample 
f o r  t h e  t e s t .  
Rec o m m e  nda  t i o n s  
The  A i r  S a f e t y  F o u n d a t i o n  does n o t  
b e l i e v e  t h a t  a n y  f u r t h e r  t e s t i n g  
a n d / o r  d e v e l o p m e n t  o f  t h e  
p r o t o t y p e  j e t  f u e l  c o n t a m i n a t i o n  
d e t e c t i o n  k i t  is  r e q u i r e d .  The  
d e t e c t i n g  j e t  f u e l  c o n t a m i n a t i o n  
o f  a v g a s  has  b e e n  t h o r o u g h l y  
t e s t e d  a n d  d o c u m e n t e d  by NASA. The  
p r o t o t y p e  t e s t  k i t  d e v e l o p e d  b y  
t h e  A i r  S a f e t y  F o u n d a t i o n  w i t h  t h e  
a s s i s t a n c e  of: t h e  NASA Goddard 
S p a c e  F l i g h t  C e n t e r / W a l l o p s  F l i g h t  
F a c i l i t y  meets t h e  o b j e c t i v e s  tor 
d e t e c t i n g  j e t  f u e l  c o n t a m i n a t i o n  
o n  a r e p e a t e d  bas i s .  
e v a p o r a t i o n  t e s t  m e t  hod o f  
I n s t r u c t i o n s  f o r  Use o f  T e s t  K i t  
The  recommended c o n s t r u c t i o n  f o r  
t h e  t e s t  k i t  is d e t a i l e d  i n  F i g u r e  
2 .  The f o l l o w i n g  p r o c e d u r e  s h o u l d  
b e  f o l l o w e d  when u s i n g  t h e  k i t  
d u r i n g  p r e f l i g h t  i n s p e c t i o n :  
Remove t h e  e y e  d r o p p e r  
f r o m  h o l d e r  a n d  unwind 
n y l o n  l i n e  t o  f u l l  l e n g t h  
( a p p r o x i m a t e l y  t h r e e  f e e t ) .  
U s i n g  t h e  e y e  d r o p p e r ,  
o b t a i n  a f u e l  s a m p l e  f r o m  
t h e  f u e l  t a n k  o p e n i n g .  
P l a c e  t w o  d r o p s  o f  t h e  
f u e l  o n  t h e  f l a t  s u r f a c e  
o f  t h e  p a p e r  c o n t a i n e d  i n  
t h e  1-1 /2"  c i r c u l a r  
o p e n i n g  i n  t h e  test k i t .  
A s p o t  a b o u t  t h e  s i z e  o f  
a quarter should be 
formed. 
O b s e r v e  t h e  o u t s i d e  of 
t h e  s p o t  a s  i t  dr ies .  
P u r e  a v g a s  w i l l  e v a p o r a t e  
f r o m  t h e  o u t s i d e  moving  
i n w a r d ,  l e a v i n g  t h e  o u t e r  
m a r g i n  i n d i s t i n c t .  A f t e r  
a p p r o x i m a t e l y  two min-  
u t e s ,  p u r e  a v g a s  w i l l  
d i s a p p e a r  c o m p l e t e l y ,  
l e a v i n g  n o  s i g n s  o f  a 
s p o t ,  h a v i n g  c o m p l e t e l y  
d i s a p p e a r e d .  
J e t  f u e l  c o n t a m i n a t e d  
a v g a s  w i l l  show a d i s -  
t i n c t  p e r i m e t e r  o n  t h e  
p a p e r ,  a n d  f a d e  o n l y  
a f t e r  s e v e r a l  m i n u t e s .  
The j e t  f u e l  w i l l  o f t e n  
l e a v e  a f i l m y  s u b s t a n c e  
o n  t h e  p a p e r  w h i c h  is 
e a s i l y  o b s e r v e d  when h e l d  
up  t o  a l i g h t  source.  
Remove t h e  u s e d  p a p e r  
s a m p l e  f r o m  t h e  s i d e  o f  
t h e  box and  t e a r  o f f .  I f  
c o n t a m i n a t i o n  is  s u s p e c t -  
e d ,  r e p e a t  t h e  p r o c e d u r e  
u s i n g  a s a m p l e  o f  t h e  
s u s p e c t  f u e l .  Remove t h e  
t e s t  p a p e r  and  s a v e .  Ob- 
t a i n  a s a m p l e  of p u r e  
a v g a s  and  p l a c e  o n  c l e a n  
t e s t  p a p e r .  Compare t h e  
e v a p o r a t i o n  r a t e s  f o r  t h e  
t w o  s a m p l e s .  I f  t h e  p u r e  
a v g a s  s a m p l e  e v a p o r a t e s  more 
q u i c k l y  , t h e  s u s p e c t  s a m p l e  
may be c o n t a m i n a t e d .  
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Figure 2. Details of Design Specifications 
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ABSTRACT OVERALL SYSTEM CONFIGURATION 
A t h e r m a l  c o n d u c t i v i t y  g a s  
c h r o m a t o g r a p h  i n  c o n j u n c t i o n  w i t h  
a S i g n a l  P r o c e s s i n g  Module c a p a b l e  
o f  d e t e c t i n g  o n e  p e r c e n t  j e t  f u e l  
c o n t a m i n a t i o n  p e a k  h a s  b e e n  
s u c c e s s f u l l y  t e s t ed .  The  S i g n a l  
c h r o m a t o g r a p h  s i g n a l  a n d  u t i l i z e s  
a n  a l g o r i t h m  i m p l e m e n t e d  w i t h  a 
s i n g l e  c h i p  m i c r o c o m p u t e r  t o  
p e r f o r m  t h e  a n a l y s i s  o f  t h e  
a v i a t i o n  f u e l .  An L E D  d i s p l a y  
a n d  a s i n g l e  START/STOP s w i t c h  
p r o v i d e s  s i m p l i f i e d  u s e r  o r i e n t e d  
"go /no  go" a n a l y s i s .  The  u s e  o f  a 
m i c r o c o m p u t e r  a l lows  f o r  a d j u s t -  
m e n t  o f  r e t e n t i o n  t i m e  z o n e s  a n d  
peak v a l u e  t h r e s h o l d .  T h e  sot tware 
has  b e e n  w r i t t e n  t o  a l l o w  
u p g r a d i n g  t o  d e t e c t  o the r  f u e l  
c o n t a m i n a t  i o n .  
Processor accep t s  t h e  gas  
INTRODUCTION 
The  d e t e c t i o n  o f  j e t  f u e l  
c o n t a m i n a t i o n  o f  a v i a t i o n  g a s o l i n e  
h a s  b e e n  s u c c e s s f u l l y  d e m o n s t r a t e d  
i n  t h e  c h e m i s t r y  l a b o r a t o r y  a t  
GSFC/WFF. T e s t s  c o n d u c t e d  u n d e r  
t h e  A i r c r a f t  M i s f  u e l  i n g  Detect i o n  
P ro jec t  h a v e  d e t e c t e d  c o n c e n t r a -  
t i o n s  a s  l o w  a s  1 p e r c e n t  by  u s e  
o f  a l a b o r a t o r y  t y p e  g a s  c h r o m a t o -  
g r a p h .  However t h e  i n t e r p r e t a t i o n  
of t h e  r e s u l t i n g  o u t p u t  l i m i t s  t h e  
f l i g h t l i n e  u s e  o f  t h e  i n s t r u m e n t .  
T h i s  p r o j e c t  a d a p t s  t h e  c h r o m a t o -  
g r a p h  o u t p u t  f o r  u s e  by t h e  f i x e d  
base o p e r a t o r  ( a i r p o r t  m a n a g e r ) .  
T h e  i n s t r u m e n t  mod i f  i c a t  i o n  
d e s i g n e d  i s  a S i g n a l  P r o c e s s i n g  
Module t h a t  p r o v i d e s  a v i s u a l  
i n d i c a t i o n  o f  t h e  f u e l  s a m p l e  
a n a l y s i s .  The  i n s t r u m e n t  s y s t e m  
h a s  b e e n  s u c c e s s f u l l y  t e s t e d  a t  
t h e  GOW-MAC I n s t r u m e n t  Company 
o v e r  r a n g e s  o f  50% t o  1% j e t  f u e l  
c o n t a m i n a t i o n s  a s  w e l l  a s  0 %  j e t  
f u e l  c o n t a m i n a t i o n .  
The  s y s t e m  c o n s i s t s  o f  a d u a l  
c o l u m n  gas  c h r o m a t o g r a p h  (GOW-MAC 
Model 6 9 - 5 5 9 0 ) ,  a c a r r i e r  g a s  
c y l i n d e r  , a n d  S i g n a l  Processor 
Module .  F i g u r e  1 i l l u s t r a t e s  t h e  
b a s i c  s y s t e m .  T h e  c o l u m n s  on  t h e  
gas  chromatograph h a v e  b e e n  
se lec ted  t o  s e p a r a t e  t h e  a v i a t i o n  
f u e l  a n d  t h e  j e t  f u e l  c o m p o n e n t s  
u n d e r  s p e c i f i c  c o n d i t i o n s .  The  
a v i a t i o n  f u e l  s a m p l e  t o  be t e s t e d  
i s  i n j e c t e d  i n t o  t h e  i n j e c t i o n  
p o r t  w h e r e  i t  v a p o r i z e s  a n d  i s  
c a r r i e d  b y  t h e  c a r r i e r  g a s .  T h e  
v a p o r i z e d  sample of a v i a t i o n  f u e l  
a n d  a n y  j e t  f u e l  c o n t a m i n a t i o n  a re  
s e p a r a t e d  i n  t h e  c o l u m n .  The  
s epa ra t e  c o m p o n e n t s  a r e  p a s s e d  
t h r o u g h  t h e  t h e r m a l  c o n d u c t i v i t y  
de tec tor  which s e n s e s  t h e  r e l a t i v e  
t h e r m a l  c o n d u c t i v i t y  o f  t h e  
c o m p o n e n t  g a s e s .  An e l e c t r i c a l  
s i g n a l ,  p r o p o r t i o n a l  t o  t h e  
t h e r m a l  c o n d u c t i v i t y  o f  each 
c o m p o n e n t ,  i s  g e n e r a t e d  a s  i t  
p a s s e s  t h r o u g h  a r e s i s t a n c e  b r i d g e  
d e t e c t o r .  
T h e  S i g n a l  Processor Module is  a 
s p e c i a l l y  d e s i g n e d  u n i t  t h a t  
u t i l i z e s  t h e  d e t e c t o r s  e l e c t r i c a l  
s i g n a l  t o  d e t e r m i n e  i f  t h e  
a v i a t i o n  f u e l  p e a k  o c c u r s  a t  t h e  
c o r r e c t  t i m e  a n d  i f  t he re  is  any  
j e t  f u e l  c o n t a m i n a t i o n  p r e s e n t .  
S I G N A L  P R O C E S S O R  MODULE 
(HARDWARE D E S C R I P T I O N )  
A t y p i c a l  c h r o m a t o g r a p h  of 1% 
c o n t a m i n a t e  is shown i n  F i g u r e  2 .  
The  m a i n  p e a k  d u e  t o  a v i a t i o n  f u e l  
h a s  a r e t e n t i o n  t i m e  o f  1 m i n u t e  
and  a p e a k  t h a t  e x c e e d s  1 m i l l i -  
v o l t .  T h e  m a i n  p e a k  o t  t h e  j e t  
f u e l  C o n t a m i n a t i o n  h a s  a r e t e n t i o n  
t i m e  o f  a p p r o x i m a t e l y  2 m i n u t e s  
a n d  a peak i n  t h e  order  of 0 .035  
m i l l i v o l t s .  The s y s t e m  u s e d  t o  
d e t e c t  t h e  c o n t a m i n a t e  i s  s h o w n  i n  
F i g u r e  3.  T h e  s y s t e m  c o n s i s t s  of a 
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s i n g l e  c h i p  microprocessor ( I n t e l  
87511 ,  a 1 2  b i t  D i g i t a l  t o  A n a l o g  
C o n v e r t e r  (DAC) , h i g h l y  s p e c i a l i z -  
ed a n a l o g  o p e r a t i o n a l  a m p l i f i e r s  
a n d  v i s u a l  d i s p l a y  v i a  d r i v e r s .  A 
microprocessor was c h o s e n  t o  
p r o v i d e  f u t u r e  f l e x i b i l i t y  t o  
d e t e c t  o t h e r  c o n t a m i n a t e s  t h a t  may 
b e  p r e s e n t  i n  t h e  a v i a t i o n  f u e l .  
A d d i t i o n a l l y ,  r e t e n t i o n  t i m e  z o n e s  
a n d  s i g n a l  t h r e s h o l d  c o n s t a n t s  c a n  
be a d j u s t e d  b y  c h a n g i n g  c o n s t a n t s  
i n  Read O n l y  Memory(R0M). 
T h e  DAC i n  c o n j u n c t i o n  w i t h  t h e  
microprocessor i s  c o n f i g u r e d  i n t o  
a t r a c k i n g  a n a l o g  t o  d i g i t a l  c o n -  
v e r t e r  ( A D C ) .  T h e  ADC loop i s  c o n -  
t r o l l e d  by  a comparator c a p a b l e  o f  
s e n s i n g  1 0  m i c r o v o l t  d i f f e r e n c e s  
a r o u n d  z e r o .  T h i s  s e n s i t i v e  
comparator h a d  t o  b e  made f r o m  a 
h i g h  g a i n  a m p l i f i e r  (OP06). T h e  
o u t p u t  o f  OP06 is  u s e d  t o  s a t u r a t e  
a comparator ( L F 3 1 1 ) .  The d i g i t a l  
s i g n a l  o u t  o f  t h e  LF311 comparator 
goes i n t o  a microprocessor i n p u t  
p o r t  a n d  i s  u s e d  t o  i n d i c a t e  t h e  
m i c r o v o l t s ) .  
s i g n a l  p o l a r i t y  ( w i t h i n  1 0  
The  gas  c h r o m a t o g r a p h  s i g n a l  f r o m  
t h e  b r i d g e  c i r c u i t  is f e d  i n t o  a 
b a l a n c e d  summing a m p l i f i e r  ( O P 0 7 ) .  
The b a l a n c e d  DAC o u t p u t  is 
i n j e c t e d  i n t o  t h e  a m p l i f i e r  so  a s  
t o  n u l l  o u t  t h e  b r i d g e  v o l t a g e .  
The  o u t p u t  o f  t h e  c o m p a r a t o r  
i n d i c a t e s  t o  t h e  processor t h e  
d i r e c t i o n  t h a t  t h e  DAC m u s t  be 
d r i v e n  i n  order  t o  n u l l  t h e  d e t e c -  
to r  s i g n a l .  The  microprocessor 
u p d a t e s  t h e  DAC a t  a 0 . 2 5  m i l l i -  
s e c o n d  r a t e  i n  a n  a t t e m p t  t o  n u l l  
t h e  a m p l i f i e r .  The  DAC w i l l  e a s i l y  
t r a c k  t h e  low f r e q u e n c y  ( 1 0 h z  
b a n d w i d t h )  gas  c h r o m a t o g r a p h y  
s i g n a l s  a n d  h i g h  f r e q u e n c y  n o i s e  
w i l l  a v e r a g e  z e r o .  
The  m i c r o p r o c e s s o r  c o n t r o l s  t h e  
e i g h t  d i s p l a y  L E D s .  A g r o u p  of 
f i v e  L E D s  a r e  u s e d  t o  ass is t  t h e  
o p e r a t o r  i n  z e r o i n g  t h e  b r i d g e .  A 
p u s h  b u t t o n  i s  u s e d  t o  a c t i v a t e  
t h e  t i m i n g  c y c l e  t o  m e a s u r e  t h e  
s a m p l e  r e t e n t i o n  t i m e .  T h e  p u s h  
b u t t o n  c a n  a l s o  be u s e d  t o  abor t  
t h e  t i m i n g  c y c l e .  The  t i m i n g  c y c l e  
i s  shown  i n  F i g u r e  4 .  The R U N  LED 
is  u s e d  t o  i n d i c a t e  t h e  s t a t u s  of 
t h e  t i m i n g  c y c l e .  When t h e  t i m i n g  
c y c l e  is a c t i v e  t h e  R U N  LED is  o n .  
When t h e  t i m i n g  c y c l e  is  c o m p l e t e d  
t h e  a n a l y s i s  o f  t h e  sample is 
f i n i s h e d  a n d  t h e  RUN L E D  b l i n k s .  
To  reset  t h e  t i m i n g  c y c l e  t h e  p u s h  
b u t t o n  is pressed a n d  t h e  RUN L E D  
goes o f f .  Two more L E D s  i n d i c a t e  a 
p a s s  o r  f a i l e d  c o n d i t i o n  a f t e r  t h e  
a n a l y s i s  i s  c o m p l e t e d .  R e f e r  t o  
t h e  s c h e m a t i c  i n  Append ix  I for  a 
more d e t a i l e d  c i r c u i t .  
S I G N A L  PROCESSOR MODULE 
(SOFTWARE D E S C R I P T I O N )  
R e f e r  t o  F i g u r e  5 f o r  a f l o w  c h a r t  
d e s c r i p t i o n  of t h e  software 
d r i v e r .  A d e s c r i p t i o n  o f  each 
p r o c e d u r e  f o l l o w s :  
1. T I C  COUNT: 
Is a r e a l  t i m e  i n t e r r u p t  
p r o c e d u r e  u s e d  t o  k e e p  
t r a c k  o f  t i m e .  I t  a l s o  
passes t o k e n s  t o  t h e  ma in  
p r o g r a m  t o  a c t i v a t e  pro- 
c e d u r e s  i n  t h e  m a i n  pro- 
g r a m .  
T e s t  t h e  " s i g n a l  p o l a r i t y "  
i n p u t  p o r t .  I t  d e t e r m i n e s  
t h e  s e n s e  o f  t h e  de t ec to r  
s i g n a l  and  o u t p u t s  a 1 2  
b i t  d i g i t a l  s i g n a l  t o  t h e  
DAC i n  o p p o s i t i o n  t o  t h e  
s e n s e d  s i g n a l  i n  order  t o  
n u l l  t h e  de t ec to r ' s  b r i d g e  
s i g n a l .  An i n t e r n a l  c o u n t  
o f  t h e  DAC v a l u e  (DAC-  
COUNTER) is  m a i n t a i n e d  a n d  
u p d a t e d  d u r i n g  t h i s  pro-  
c e d u r e .  
3 .  SWITCH: 
T h i s  r o u t i n e  w i l l  sample 
t h e  START/STOP s w i t c h  i n -  
p u t  p o r t .  T o g g l e s  t h e  
2 .  DAC UPDATE:  
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"START" f l a g  u s e d  i n t e r n -  
a l l y  t o  s t a r t  a r u n  or 
t o  a b o r t  a r u n .  
M a i n t a i n s  t h e  i n t e r n a l  
f l a g s  a n d  i n i t i a l i z e s  
i n t e r n a l  f l a g s .  
T h i s  r o u t i n e  m a i n t a i n s  t h e  
a d j u s t m e n t  r o u t i n e s  h e l p  
t h e  ope ra to r  z e r o  t h e  
b r i d g e .  When t h e  b r i d g e  
s i g n a l  i s  z e r o  t h e  g r e e n  
LED w i l l  be t u r n e d  o n .  Two 
ye l low L E D s  ( o n e  p o s i t i v e  
a n d  t h e  o t h e r  n e g a t i v e  o f f  
z e r o  c o n d i t i o n s )  i n d i c a t e  a 
s l i g h t l y  o f f  z e r o  c o n d i -  
t i o n .  Two red L E D s  ( o n e  
p o s i t i v e  a n d  t h e  o t h e r  
n e g a t i v e  o f f  z e r o  c o n d i -  
t i o n )  i n d i c a t e  t h a t  t h e  
b r i d g e  z e r o  before s t a r t -  
i n g .  I f  e i t h e r  o f  t h e  t w o  
R E D  L E D s  a r e  b l i n k i n g  i t  
i n d i c a t e s  t h a t  t h e  z e r o  is 
o u t  o f  t h e  DAC r a n g e  a n d  
m u s t  be z e r o e d  b e f o r e  
s t a r t i n g .  T h e  R U N  L E D  is: 
A. O f f  i f  START f l a g  h a s  
n o t  b e e n  a c t i v a t e d .  
B. On i f  START f l a g  h a s  
b e e n  a c t i v a t e d .  
C .  B l i n k s  i f  t h e  r u n  is 
c o m p l e t e d .  
~ The  P a s s  a n d  F a i l  L E D s  
i n d i c a t e  t h e  r e s u l t  o f  
t h e  a n a l y s i s  a t  t h e  
c o m p l e t i o n  o f  t h e  r u n .  
4 .  TIME: 
I 
5.  LITE: 
I o u t p u t  d i s p l a y .  The  z e r o  




6 .  ZONE: 
When t h e  START f l a g  is  
a c t i v a t e d  a RUN-COUNTER 
k e e p s  t r a c k  o f  t h e  t i m e .  
T h i s  c o u n t e r  is u s e d  t o  
m a i n t a i n  5 z o n e s  u s e d  t o  
m e a s u r e  r e t e n t i o n  t i m e .  
A .  ZONE 0 STOPPED 
B. ZONE 1 0 t o  30 
s e c o n d s  
C.  ZONE 2 30 t o  9 0  
s e c o n d s  
( a v g a s  f u e l  p e a k  e x p e c t e d )  
D.  ZONE 3 9 0  t o  150  
s e c o n d s  
( c o n t a m i n a t i o n  peak ,  i f  
a n y  , e x p e c t e d )  
E .  Zone 4 > 150 s e c o n d s  
( r u n  c o m p l e t e d )  
7 .  ANALYSIS: 
T h e  a n a l y s i s  p r o c e d u r e  is  
u s e d  t o  de tec t :  
A.  The  a v i a t i o n  f u e l  p e a k  
d u r i n g  t h e  Zone 2 
i n t e r v a l .  
B.  Any c o n t a m i n a t i o n  
peaks  d u r i n g  Zone 3 
i n t e r  v a  1. 
T h e  d e t e c t i o n  of t h e  a v i a t i o n  f u e l  
i s  d o n e  b y  c o m p a r i n g  t h e  
DAC-COUNTER ( v a l u e )  d u r i n g  Zone 2 .  
I f  t h e  DAC-COUNTER e x c e e d s  a g i v e n  
c o n s t a n t  t h e n  t h e  a v i a t i o n  f u e l  
peak h a s  b e e n  s e n s e d .  
T h i s  c o n s t a n t  is a n  a b s o l u t e  v a l u e  
a n d  is c h o s e n  v e r y  n e a r  t h e  
maximum DAC v a l u e .  T h e  d e t e c t i o n  
o f  t h e  c o n t a m i n a t i o n  is p e r € o r m e d  
b y  i n t e g r a t i n g ,  d u r i n g  t h e  t i m e  
Z o n e  3 ,  t h e  d e t e c t o r  s i g n a l .  I f  
t h i s  i n t e g r a l  e x c e e d s  a p r e d e t e r -  
m i n e d  c o n s t a n t  ( se lec ted  a t  1% 
c o n t a m i n a t i o n  for t h i s  u n i t )  t h e n  
a F A I L - e d  c o n d i t i o n  i s  f l a g g e d .  
T h e  f l o w  c h a r t  i n d i c a t e s  t h e  
e x e c u t i o n  s e q u e n c e  of t h e  descr i -  
bed p r o c e d u r e s .  A more p r e c i s e  
d o c u m e n t a t i o n  is  s u p p l i e d  i n  
A p p e n d i x  I1 w h i c h  p r o v i d e s  t h e  PLM 
s o u r c e  a n d  t h e  s u b s e q u e n t  
a s s e m b l e r  c o d e  t h a t  h a s  b e e n  
g e n e r a t e d .  
SIGNAL PROCESSOR OPERATION 
An o p e r a t o r  wou ld  p r o c e e d  a s  
fo l lows :  
1. S e t  u p  t h e  G . C .  t o  t h e  
g i v e n  o p e r a t i n g  c o n d i -  
t i o n s  ( s e e  A p p e n d i x  111) 
a n d  w a i t  30 m i n u t e s  t o r  
t h e  G . C .  t e m p e r a t u r e  t o  
s t a b i l i z e .  
2 .  Zero t h e  d e t e c t o r  by  ob-  
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s e r v i n g  t h e  z e r o i n g  
L E D s .  A d j u s t  t h e  z e r o  
u n t i l  i n  t h e  g r e e n  or 
e i t h e r  y e l l o w  L E D  is o n .  
3 .  Check t h e  R U N ,  PASS, a n d  
FAIL L E D s .  T h e s e  L E D s  
s h o u l d  be o f f .  I f  n o t ,  
d e p r e s s  t h e  START/STOP 
s w i t c h  t o  abort  t h e  r u n  
a n d  prepare f o r  a new 
s t a r t .  
4 .  O b t a i n  a sample o f  t h e  
f u e l  m i x t u r e  t o  be tested 
a n d  i n j e c t  i t  i n t o  t h e  
i n j e c t i o n  p o r t .  
5 .  I m m e d i a t e l y  press t h e  
START/STOP b u t t o n  t o  
s t a r t  t h e  a n a l y s i s .  The  
y e l l o w  RUN L E D  w i l l  come 
o n .  
( 1 5 0  s e c o n d s )  t h e  y e l l o w  
LED w i l l  b l i n k  i n d i c a t i n g  
t h e  e n d  o f  t h e  r u n .  The 
PASS or t h e  FAIL L E D  w i l l  
be a c t i v a t e d  a s  t h e  r e s u l t  
o f  t h e  a n a l y s i s .  
6 .  A t h e  e n d  o f  t h e  r u n  
TESTING 
T e s t i n g  o f  t h e  S i g n a l  P r o c e s s i n g  
Module was c o n d u c t e d  o v e r  s e v e r a l  
d a y s .  A v i a t i o n  f u e l  samples  w i t h  
j e t  f u e l  c o n t a m i n a t i o n  f r o m  1% t o  
5 0 %  were t e s t e d  s u c c e s s f u l l y .  A l s o  
tes ted s u c c e s s f u l l y  w e r e  t h e  p u r e  
samples o f  a v i a t i o n  f u e l .  Recorder 
o u t p u t  o f  t h e  t e s t s  a r e  p r o v i d e d  
i n  A p p e n d i x  I V .  F r o m  t h e s e  t e s t s  
i t  a p p e a r s  t h a t  a GOW-MAC Model 
550 gas  c h r o m a t o g r a p h  i n  c o n j u n c -  
t i o n  w i t h  t h e  m o d i f i c a t i o n  is 
capable  of d e t e c t i n g  l o w  l e v e l  
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BRIDGE CIRCUIT (DETECTOR) 
w BRIDGE CIRCUIT 
FIGURE 1 B. G.C. SYSTEM 
Figure 1. Basic System 
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A. COLUMN “A” 
B. COLUMN “B” 
C. METERING VALVES (2) “A” C“B” 
D. DECTECTOR BLOCK 
E. INJECTION PORT FOR COLUMN “A” 
F. INJECTION PORT FOR COLUMN “B” 
G. HELIUM TANK 
H. PRESSURE REDUCTION VALVE 
I. PRESSURE SWITCH 
TEST lo l l  I85 
1 %  JET FUEL 1p L SAMPLE SIZE 
"FAILED" LED ON AT END OF RUN 
L 
I 




JET FUEL CONTAMINATION PEAKS 
= 3.5 DIV Q lmVldiv = 035mV I 
I 
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90 150 
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COMPARITOR COM PARITOR 
REF (12 BITS) 
ERROR DIFFERENCE SIGN 
SWITCH 
STARTlSTOP 
INTEL 8 7 5 1 ~  P 
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+OFFSET ZERO -OFFSET 
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APPENDIX I 




D - 1 2  
I 
A P P E N D I X  I1 
SOFTWARE:  
1. SOURCE PROGRAM & ASSEMBLY L E V E L  PROGRAM 
2 .  RELOCATOR & L I N K E R  
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PL/M-51 COMPILER 9/15/85 
ISIS-I1 PL/M-51 V1.l 
COMPILER INVOKED BY: PLM51 NASOO.PLM DATE(9/15/85) DB OJ SB CO XREF 
/ ~ * * * * * X X ~ * * * X * * ~ * * * ~ * * * * * * ~ * ~ x x x ~ ~ x * ~ ~ ~ ~ x * * x x x x x ~ * % * *  / 
/ *  * /  
/" NASA AVIATION FUEL CONTAMINATION SOFTWARE */ 
/" BY: X. F. GONZALEZ "/ 
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NASAOO: DO: /*DECLARATION 1/0 REGISTERS FOR B051*/ 
DECLARE DCL LITERALLY 'DECLARE': 












DCL HI RED-LED- 
DCL HI-YEL-LED 
DCL ZEEO GEN LED 
DCL LO YEL LED 
DCL LO-RED-LED 
DCL FATL LED 
DCL PASS-LED 
DCL RUN EED 
DCL EA 
DCL START STOP SW 
DCL DAC CoMP 
- 
- 
BYTE AT(80H) REGISTER: 
BYTE AT(81H) REGISTER; 
BYTE AT(88H) REGISTER; 
BYTE AT(89H) REGISTER: 
BYTE AT(98H) REGISTER: 
BYTE AT(OA8H) REGISTER: 























BIT AT(OA7H)REGISTER; /*P2.7*/ 
BIT AT(0AFH)REGISTER; /*ENABLE INTERRUPTS*/ 
BIT AT(OB3H)REGISTER: /"P3.3"/ 
BIT AT (OB4H) REGISTER: /IlP3.4"/ 
DCL DAC-COUNTER WORD; 
DCL PEAK COUNTER WORD; 
DCL RUN COUNTER WORD; 
DCL TEMFER WORD WORD; 
DCL DAC MAE COUNT WORD CONSTANT 
DCL PEAK I WORD CONSTANT 
DCL PEAK-2 WORD CONSTANT 
DCL PEAK-3 WORD CONSTANT 
DCL WIND-~W 1 WORD CONSTANT 
DCL WINDOW-2 WORD CONSTANT 
DCL WINDOW-3 WORD CONSTANT 
DCL WINDOW-4 WORD CONSTANT 
DCL WINDOW-5 WORD CONSTANT 
DCL TIME 1- WORD CONSTANT 
DCL TIME-2 WORD CONSTANT 
DCL TIME-3 WORD CONSTANT 

















4 2  
4 3  
4 4  
4 5  
4 6  
47  
4 8  
4 9  
50  
51  








6 0  
6 1  
6 2  
6 3  





6 9  
7 0  
7 1  
7 2  
73 
7 4  
7 5  
7 7  
7 8  
79  
8 0  
8 1  

















































DCL T E N  MSEC B Y T E ;  
DCL S E C  B Y T E ;  
DCL WINDOW B Y T E ;  
DCL ZONE - I B Y T E ;  
DCL U P  DNNOT FLAG B I T ;  
DCL T A c  0 I N T R 3  B I T ;  
DCL TAG-1-INTR3 B I T ;  
DCL TAG-2-INTR3 B I T ;  
DCL TAG-3-INTR3 B I T ;  
DCL B L I ~ K -  B I T ;  
DCL S T A R T  B I T ;  
DCL S T A R T  N B I T ;  
DCL START-P B I T ;  
DCL RUN B I T ;  
DCL FINISH B I T ;  
DCL ZONE 1 B I T ;  
DCL ZONE-2 B I T ;  
DCL ZONE-3 B I T ;  
DCL ZONE-4 B I T ;  
DCL FAIL-ZONE 1 B I T ;  
DCL PASS-ZONE-2 B I T ;  
DCL FAIL-ZONE-3 - - B I T ;  
DCL  HUN^ MSEC BYTE;  - 
/ * S T R U C T U R E  T O  OVERLAY BYTE ONTO B I T S * /  
DCL TEMPOR B I T  S T R U C T U R E  ((BO,Bl,B2,B3,B4,Bs,B6,B7) B I T ) ;  
DCL TEMPOR-BIT OVR BYTE AT ( .TEMPOR B I T  ) ;  - - - 
$ E J E C T  
T I C  COUNT: PROCEDURE I N T E R R U P T  3 U S I N G  0 ;  - 
/ * U S E  1 2  M H Z  CLOCK T O  O B T A I N  . 2 5  M S E C  P E R  I N T E R R U P T  "/ 
T E N  MSEC=TEN MSEC +l;  
TAG-0 I N T R 3 = T ;  
I F  F E E  MSEC = 4 0  THEN 
DO ; 
- 
T E N  MSEC = 0 ;  
HUNE MSEC = HUND MSEC + 1; 
TAG i I N T R 3 = 1 ;  
I F  T H E N D  M S E C = 3 3 )  OR (HUND M S E C = 6 7 )  THEN 
I F  HUND MSEC = l o o  THEN 
DO; 
HUND MSEC = 0 ;  
S E C  S E C  + 1; 
TAG 3 I N T R 3 = 1 ;  
B L I N K  = NOT B L I N K ;  
I F  S E C  = 1 0  THEN S E C  = 0 ;  
- 
- 
TAG 2 - I N T R 3 = 1 ;  - -  
- 
- -  
END;  
END T I C  COUNT;  
END; 
- 







































DAC UPDATE : PROCEDURE ; - 
UP DNNOT FLAG = DAC COMP; 
DO; 
IF-UP - DNKOT -FLAG = i THEN 
IF DAC COUNTER >= DAC MAX COUNT THEN 
DAC COENTER = DAC MAX-COUNT; 




IF DAC COUNTER = OOOOH THEN 
DAC COENTER = OOOOH; 
ELSE DAC COUNTER = DAC - COUNTER - 1; - 
END; 
/*OUTPUT TO DAC*/ 
DO; 
/"OUTPUT MS BYTE TO DAC"/ 
TEMPOR WORD = SHL (DAC COUNTER,4); 
PORT 0-= HIGH ( TEMPOR-WORD 1 ;  
/~OU?;PUT LS BITS TO DAP/ 
TEMPOR BIT OVR = LOW ( TEMPOR - WORD); 
PORT 1-BIT-3 = TEMPOR BIT.B7; 
PORT 1 BIT-2 = TEMPORBIT.B6; 
PORT-1-BIT-1 = TEMPOR-BIT.B5; 
PORT-1-BIT-0 -  - = TEMPOR-BIT.B4; 
END: 
- -  
END DAC UPDATE; - 
ANALYSIS: PROCEDURE; 
/*THIS PROCEDURE PERFORMS THE ANALYSIS WITHIN EACH DESIGNATED 
TIME ZONE*/ 
DO CASE ZONE I; - 
; /*ZONE 0; AWAITING START*/ 
DO; /"ZONE I; NO PEAKS EXPECTED WITHIN ZONEX/ 
LF ZONE 1 = 0  THEN 
DO;/;ZONE I INITIALIZATION"/ 
END; 
ZONE 1 = 1; - 
IF DAC COUNTER > PEAK - 1 THEN FAIL - ZONE - 1 =l; 
END;/*Z~NE 1*/ 
DO;/*ZONE 2; MAIN PEAK MUST BE WITHIN ZONE*/ 
IF ZONE 2=0 THEN 
DO;/"ZONE 2 INITIALIZATION*/ 
ZONE - 1=0; 
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1 2 6  5 
1 2 7  3 
1 2 8  4 
130  4 
131  4 
1 3 2  4 
133 5 
1 3 4  5 
135 5 






1 4 2  5 
1 4 3  4 
1 4 4  5 
1 4 5  5 
1 4 6  5 
1 4 7  4 
1 4 9  4 
150  4 
151 4 
1 5 2  5 
153 5 
1 5 4  5 
155 5 
156  4 
1 5 7  3 
158 1 
159 2 
160  2 
1 6 1  2 
1 6 3  2 
1 6 4  1 
165 2 
1 6 6  2 
1 6 7  3 
ZONE 2 = 1 ;  - 
END; 
I F  DAC COUNTER > PEAK 2 THEN P A S S  ZONE 2=1; - - - 
E N D ; / * ~ O N E  2*/ 
DO; /*ZONE 3 ;  NO P E A K S  E X P E C T E D  W I T H I N  ZONE*/ 
I F  ZONE 3=0 THEN 
D O ; / ~ Z O N E  3 INITIALIZATION*/ 




/ * M A I N T A I N  PEAK COUNTER*/ 
I F  UP DNNOT FLAG = 1 THEN - - 
DO; 
I F  PEAK COUNTER < UFFFFH THEN 
PEAK COUNTER = PEAK COUNTER + 1; 
END; 
DO; 
I F  PEAK COUNTER > O O O O H  THEN 
END; 
- - 
E L S E  
PEAK COUNTER = PEAK COUNTER - 1; - - 
I F  PEAK COUNTER > PEAK 3 THEN F A I L  ZONE 3 =1; - - - END; /*ZOKE 3*/ 
DO;/*ZONE 4 ;  S T O P * /  
I F  ZONE 4 = 0  THEN 
DO;/FZONE 4 I N I T I A L I Z A T I O N * /  
ZONE 3 = 0 ;  
Z ON E-4 = 1 ; 
END;  
- 
END; /*ZONE 4*/ 
END;/*DO CASE*/  
END A N A L Y S I S ;  
S W I T C H :  PROCEDURE;  
/ *THIS  R O U T I N E  S A M P L E S  T H E  S T A R T  S T O P  S W  F O R  C L O S U R E .  
T H E  START FLAG IS TOGGLED ON A-LOW To HIGH TRANSITION OF 
T H E  S W I T C H .  DEBOUNCE I S  P R O V I D E D  BY C A L L I N G  THIS R O U T I N E  
AT 10 M S E C  I N T E R V A L S . * /  
S T A R T  N = S T A R T  S T O P  S W ;  
I F  START - ~ = i  AND START -P=O THEN START=NOT START; /*TOGGLE 
E N D  SWITCH; 
S T A R T * /  
S T A R T  P = S T A R T  - N ;  /*SAVE NEW S W I T C H  VALUE*/ 
T I M E :  PROCEDURE;  
/ * T H I S  R O U T I N E  M A I N T A I N S  T H E  T I M I N G  F L A G S  U S E D  T O  CONTROL 
T H E  RUNNING O F  T H E  PROGRAM*/ 
I F  S T A R T = O  THEN 
DO; 

















































IF (START=l) AND (RUN=O) AND (FII 
FAIL ZONE 1 = 0; 
PASS-ZONE-2 = 0; 
FAIL-ZONE-3 = 0; 
DO; 
RUN FOUNTER = O O O O H ;  
RUN-= 1; 
END: 
IF (START=l) AND (RUN=1) AND (ZONE 
ISH=O) THE! 
191 2 

















2 1 6  4 
4=1) THEN - 
3 DO: /*FINISH*/ 
3 FINISH = 1; 
3 RUN = 0; 
3 END; 
1 END TIME; 
2 LITE : PROCEDURE: 
/*THIS ROUTINE MAINTAINS THE LED OUTPUT DISPLAY. THE FIRST 
PORTION IS USED TO HELP ZERO THE BRIDGE. WHEN THE BRIDGE IS 
ZERO THE GREEN LED WILL BE ON. TWO MORE BANDS (YELLOW, RED) 
ARE USED TO INDICATE THE MAGNITUDE AND DIRECTION (HI, LO) 
OF THE OFFSET FROM ZERO. TO START THE RUN THE GREEN LED 
MUST BE ON INDICATING THAT THE BRIDGE HAS BEEN ZEROED. THE 
OTHER PORTION OF THE ROUTINE MAINTAINS THE RUN, FAIL, AND 
PASS LED'S*/ 
WINDOW = 6; 
IF DAC COUNTER=O THEN WINDOW=WINDOW-1; 
IF DAC-COUNTER < WINDOW 1 THEN WINDOW=WINDOW-1; 
IF DAC-COUNTER < WINDOW-2 THEN WINDOW=WINDOW-l; 
IF DAC-COUNTER < WINDOW-3 THEN WINDOW=WINDOW-l; 
IF DAC-COUNTER < WINDOW-4 THEN WINDOW=WINDOW-l; 
IF DAC-COUNTER < WINDOW-5 THEN WINDOW=WINDOW-1; 
IF DAC-COUNTER = OFFFH THEN W I NDOW=W I NDOW ; 
DO CASE WINDOW: 
DO; /*CASE 0- VALUE AT MINIMUM*/ 
LO RED LED=BLINK; /*BLINK LOW RED  LED^/ 
LO-YEL-LED=O; 
ZERO GRN LED=O; 
HI YEL LED=O; 
H I-RE D-L ED = o ; - - 
END: 
DO; /*CASE 1- VALUE BETWEEN MINIMUM AND WINDOW - 1"/ 
LO RED LED=1; /*LOW RED LED ONx/ 




2 2 8  4 
229 4 
230 4 
2 3 1  4 
2 3 2  4 
2 3 3  4 
234 4 
2 3 5  4 
2 3 6  4 
2 3 7  4 
238 4 
239 4 
2 4 0  4 
2 4 1  4 
2 4 2  4 
2 4 3  4 
244 4 




2 4 9  4 
250 4 
2 5 1  4 
2 5 2  4 
2 5 3  4 
2 5 4  4 
2 5 5  4 
2 5 6  3 
! 
2 5 7  2 
259 2 
2 6 1  2 
263 2 
2 6 5  2 
2 6 6  2 I 2 6 7  2 
268 2 
ZERO GRN LED=O; 
HI YEL LED=O; 
HI-REDLED=O;  - 
END; 
DO; /*CASE 2- VALUE BETWEEN WINDOW 1 AND WINDOW 2*/  - 
LO RED LED=O; 
LO-YEL-LED=~; /*LOW YELLOW LED ON*/ 
ZERO GRN LED=O; 
HI YEL LFD=O; 
HI-RED-LED=O;   
END; 
DO; /*CASE 3- VALUE BETWEEN WINDOW - 2 AND WINDOW - 3 * /  
LO RED LED=O; 
ZEXO GEN LED=l; /*WITHIN ZERO LIMITS*/ 
LO-YEL-LED=O; 
HI YEL LED=O; 
HI-RED-LED=O;   
END; 
DO; /*CASE 4- VALUE BETWEEN WINDOW - 3 AND WINDOW - 4*/ ;  
LO RED LED=O; 
LO-YEL-LED=O; 
ZERO GRN L E D = O ;  
HI YEL  LED=^; /*HI YELLOW LED ON*/ 
HI-RED-LED=O;   
END; 
DO; /*CASE 5- VALUE BETWEEN WINDOW 4 AND WINDOW - 5 * /  - 
LO RED LED=O; 
LO-YEL-LED=O; 
ZEEO GXN LED=O; 
HI YEL LED=O; 
HI-RED-LED=~;   /*HI RED LED ON*/ 
END; 
DO; /*CASE 6- VALUE AT MAXIMUM*/ 
LO RED LED=O; 
LO-YEL-LED=O; 
ZEEO GEN LED=O; 
HI YEL LED=O; 
HI-RED-LED=BLINK;   /*BLINK HI R E D  LED*/ 
END; 
END; /*DO CASE*/ 
/ *  RUN L E D  CONTROL*/ 
IF START=O THEN RUN LED=O;  
IF (RUN=l) AND (START=l) THEN RUN LED=1; 
IF (FINISH=l) AND (START=l) THEN RUN - LED=BLINK; 
/*FAIL LED CONTROL*/ 
IF START=O THEN FAIL LED=O;  
IF(START=l) AND (FINySH=O) THEN 
FAIL LED=FAIL ZONE 1 OR FAIL ZONE 3; 
FAIL LED=FAIL ZONE 1 OR FAIL ZONE 3 OR NOT 
PASS ZONE 2; 
- - - - 
IF FINISE=~ THEN 



































PASS LED CONTROL*/ 
START=O THEN PASS LED=O; 
(START=1) AND (FIxISH=O) THEN 
PASS LED=PASS ZONE 2; - - 
F I N I S ~ ~ = ~  THEN




/*THIS PROCEDURE MAINTAINS THE RUN COUNTER AND ESTABLISHES 
A TIME ZONE WHICH IS USED BY THE ANALYSIS PROCEDURE.*/ 
IF RUN=l THEN 
DO; 
IF RUN COUNTER < TIME 4 THEN ZONE I=4; 
IF RUN-COUNTER < TIME-3 THEN ZONE-I=3; 
IF RUN-COUNTER < TIME-2 THEN ZONE-I=2; 
RUN - COENTER=RUN - COUNTzR+l; 




. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*INITIALIZATION*/ 
SP=6FH; /*SET UP STACK POINTER*/ 
TMOD=00010011B; /*SET UP TIMER/COUNTER MODE REGISTER*/ 
TCON=01000000B; /*SET UP TIMER/COUNTER CONTROL/STATUS 
SCON=00000000B; /*SET UP SERIAL PORT CONTROL/STATUS 
IP=00011111B; /SET UP INTERRUPT PRIORITY REGISTER*/ 
IE=00001000B; /SET UP INTERRUPT ENABLE REGISTER*/ 
EA=1; /*ENABLE INTERRUPTS*/ 
REGISTER*/ 
REGISTER*/ 
START=O; /*INITIALIZE RUNNING PROGRAM*/ 
ZONE I=O; 
DAC - COUNTER = OOOOH; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
/*MAIN PROGRAM*/ 
DO WHILE 1; /*DO BLOCK FOREVER*/ 
DO WHILE TAG 0 INTR3=1; /*THIS DO LOOP IS DONE ONCE 






































CALL DAC UPDATE; 
TAG 0 INTR3=O; 
CALL ANA~YSIS; 
- -  
END; 
DO WHILE TAG - -  1 INTR3=1; /*THIS DO LOOP IS DONE ONCE 
EVERY 10 MSEC*/ 
CALL SWITCH; 
CALL TIME; 
TAG 1 INTR3=O; - -  
END: 
DO WHILE TAG - -  2 INTR3=1; /*THIS DO LOOP IS DONE ONCE 
EVERY 330 MSEC*/ 
CALL LITE; 
TAG 2 INTR3=O; - -  
END; 
DO WHILE TAG 3 INTR3=1; /*THIS DO LOOP IS DONE ONCE - -  
EVERY SECOND*/ 
CALL ZONE; 
TAG 3 INTR3=O; - -  
END; 
END; /*END WHILE 1 LOOP*/ 
END NASAOO; /*END MODULE NASA00 */ 
; PROCEDURE NASAOO (START) 
; PROCEDURE TIC COUNT (START) 
; STATEMENT # 67 
; STATEMENT # 68 
; STATEMENT # 69 
; STATEMENT # 70 
- 
INC TEN MSEC 
SETB TAG 0 INTR3 
- 0500 F 
D200 F 
E500 F MOV A,TEN MSEC 
B4282A CJNE A,#28H,THEN?1 
750000 F MOV TEN - MSEC,#OOH 
INC HUND MSEC 0500 F 
SETB TAG 1 INTR3 D200 F 
E500 F MOV A,HUND MSEC 
6421 XRL A,#21H- 
6005 JZ BOOL?59 
E500 F MOV A,HUND MSEC 
B44302 CJNE A,#43H,THEN?2 
- -  
; STATEMENT # 72 
; STATEMENT # 73 
; STATEMENT # 74 
: STATEMENT # 75 
- 
- -  
BOOL?59 : 
; STATEMENT # 76 
; STATEMENT # 77 
SETB TAG 2 INTR3 - -  D200 F 
THEN?2: 
E500 F MOV A,HUND MSEC 
B46411 CJNE A,#64HTTHEN?3 
750000 F MOV HUND - MSEC,#OOH 
: STATEMENT # 79 








































0500 F INC SEC 
D200 F 
B200 F CPL BLINK 
E500 F MOV A,SEC 
B4 OAO 3 CJNE A,#OAH,THEN?4 
750000 F MOV SEC,#OOH 
; STATEMENT # 81 
; STATEMENT # 82 
; STATEMENT # 83 
SETB TAG 3 INTR3 - -  
























; STATEMENT # 85 
; STATEMENT # 86 




; PROCEDURE TIC COUNT (END) 
; PROCEDURE DAC UPDATE (START) 
RET 
- 
; STATEMENT # 88 
; STATEMENT # 89 
- 
MOV C,DAC COMP 
MOV UP DNFOT FLAG,C - - F 
F 
; STATEMENT # 90 
MOV C,UP DNNOT - FLAG 










MOV R6,DAC COUNTER 
MOV R7 , DAC-COUNTER+OOOlH 
CLR A 











MOV DPTR, #DAC MAX COUNT 
LCALL ?PO008 
SJMP ELSE?7 
; STATEMENT # 92 
MOV DPTR, #DAC - MAX - COUNT 
; STATEMENT # 93 
MOV RO,#DAC - CEJNTER 
; STATEMENT # 94 
MOV RO,#DAC COUNTER 
LCALL ?PO024 
- 







































































: STATEMENT # 96 
SJMP ELSE?8 
: STATEMENT # 97 
MOV A,DAC COUNTER+OOOlH 
ORL A, DAC-COUNTER 
JNZ  THEN?^ 
MOV DAC-COUNTER,  #OOH 
: STATEMENT # 98 
MOV DAC COUNTER+0001H,#OOH 
: STATEMENT # 99 
SJMP ELSE?10 
MOV RO,#DAC COUNTER 
LCALL ?PO026 
- 
: STATEMENT # 100 
: STATEMENT # 101 
: STATEMENT # 102 



















TEMPOR WORD, R6 
TEMPOR-WORD+0001H,R7  
A, TEMPOR WORD 
PORT - 0,A- 
A,TEMPOR WORD+0001H 
: STATEMENT # 103 
: STATEMENT # 1 0 4  
TEMPOR - BTT - OVR,A 
PORT 1 BTT - 3,c 
PORT - -  1 BTT - 2,c 
PORT - -  1 BIT -i,c 
PORT 1 BTT - o,c 
: STATEMENT # 105 
C,TEMPOR BIT.B7 
- -  
: STATEMENT # 1 0 6  
C,TEMPOR BIT.B6 
: STATEMENT # 107 
C,TEMPOR BIT.B5 
: STATEMENT # 108 
C,TEMPOR BIT.B4 
- -  
: STATEMENT # 110 
: PROCEDURE DAC UPDATE (END) 
; PROCEDURE ANALYSIS (START) 
- 
: STATEMENT # 111 
; STATEMENT # 112 
F MOV A,ZONE I 
900000 F MOV DPTR,#cASE?JMPTBL?O3BE 
25E0 ADD A,ACC 



































































0100  F AJMP 
CASE?99: 
A200 F MOV 
4002 JC 
D200 F SETB 
THEN?12: 
AEOO F MOV 
AFOO F MOV 















































: STATEMENT # 113 
CASEND? 11 
: STATEMENT # 115 
CIZONE 1 
 THEN?^^ 
: STATEMENT # 117 
: STATEMENT # 119 















FAIL ZONE 1 
DPTR,#FEAK - 1 
: STATEMENT # 120 
: STATEMENT # 121 
- - 
CASEND?11 
; STATEMENT # 123 
C,ZONE 2 
 THEN?^^ 
: STATEMENT # 125 
: STATEMENT # 126 





R6 , DAC COUNTER 
R7,DAC-COUNTER+0001H 
A 
A I @A+DPTR 
R4 ,A 





























































PASS ZONE 2 
; ST TEMENT # 129 
; STATEMENT # 130 
- - 







750000 F MOV 
750000 F MOV 
THEN?16: 



















7800 F MOV 
120000 F LCALL 
THEN?18: 
800B SJMP 
THEN? 17 : 
E500 F MOV 
4500 F ORL 
6005 JZ 
7800 F MOV 
120000 F LCALL 
THEN? 20 : 
ELSE?19: 
AEOO F MOV 
AFOO F MOV 
900000 F MOV 
CASEND? 11 
; STATEMENT # 132 
C,ZONE 3 
 THEN?^^ 
; STATEMENT # 134 
; STATEMENT # 135 
; STATEMENT # 136 
ZONE 2 




: STATEMENT # 138 










RO#PEAK - COUNTER 
?PO024 
- - 
; STATEMENT # 140 
A,#OFFH- 
; STATEMENT # 141 
: STATEMENT # 142 
; STATEMENT # 1 4 3  
ELSE?19 
; STATEMENT # 144 
A,PEAK COUNTER+0001H 
THEN?2b 
RO,#PEAK - COUNTER 
?PO026 
A I PEAK-COUNTER 
; STATEMENT # 145 
; STATEMENT # 146 
; STATEMENT # 147 
R6,PEAK COUNTER 
R7,PEAK-COUNTER+OOOlH 






















































































SETB FAIL ZONE 3 
; STATEMENT # 148 
; STATEMENT # 149 
- - F 
THEN?21: 
CASE?lO 2 : 
SJMP CASEND?11 
; STATEMENT # 151 
F MOV CIZONE 4 
JC THEN?22 
CLR ZONE 3 
SETB ZONE 4 
: STATEMENT # 153 
; STATEMENT # 154 
; STATEMENT # 156 
; STATEMENT # 157 






; PROCEDURE ANALYSIS (END) 
; PROCEDURE SWITCH (START) 
; STATEMENT # 159 
; STATEMENT # 160 
MOV CISTART STOP - SW 
MOV START NYC - F 
F MOV CISTART - N 







F MOV CISTART - P 
BOOL?61: 
BOOL?63 : 
; STATEMENT # 162 
; STATEMENT # 163 
F CPL START 
THEN?23: 
F MOV CISTART N 














































; STATEMENT # 164 
RET 
; PROCEDURE SWITCH (END) 
; PROCEDURE TIME (START) 








































F C LR 
F CLR 
750000 F MOV 
750000 F MOV 
D200 F SETB 
THEN?25: 
A200 F MOV 
B3 CPL 
B3 CPL 










: STATEMENT # 168 
; STATEMENT # 169 
: STATEMENT # 170 
; STATEMENT # 171 
; STATEMENT # 172 
; STATEMENT # 173 
; STATEMENT # 174 
















THEN? 2 5 
; STATEMENT # 178 
: STATEMENT # 179 
; STATEMENT # 180 
: STATEMENT # 181 
FAIL ZONE 1 
PASS ZONE 2 






; STATEMENT # 182 








































































BOOL? 7 1 : 
BOOL? 7 1 









BOOL? 7 5 : 
; STATEMENT # 186 
; STATEMENT # 187 
; STATEMENT # 189 
F SETB FINISH 
F CLR RUN 
THEN?26: 
RET 
; PROCEDURE TIME (END) 
; PROCEDURE LITE (START) 
; STATEMENT # 190 
: STATEMENT # 191 
750006 F MOV 
E500 F MOV 
4500 F ORL 
7002 JNZ 
1500 F DEC 
THEN?27: 
AEOO F MOV 
AFOO F MOV 




































; STATEMENT # 192 
A, DAC-COUNTER 
; STATEMENT # 193 
















DPTR , #WINDOW - 1 
; STATEMENT # 195 




















































900000 F MOV DPTR,#WINDOW - 2 







































































AEOO F MOV 
AFOO F MOV 

























; STATEMENT # 197 
: STATEMENT # 198 
R6 , DAC COUNTER 
R7,DAC-COUNTER+0001H 
A 
A , @A+DPTR 
A, #01H 
A, @A+DPTR 










; STATEMENT # 199 




A , @A+DPTR 
R4 ,A 
A,#O1H 







DPTR, #FINDOW 4 - 
R5,A 
AIR6 
: STATEMENT # 201 






























































































































CAS E? 10 4 : 
SETB 
CLR 
R6 I DAC COUNTER 
R7,DAC-COUNTER+OOOlH 
A 
A I @A+DPTR 
R4,A 
DPTR I #WINDOW - 5 
A, #01H 









; STATEMENT # 203 







; STATEMENT # 205 
: STATEMENT # 206 





; STATEMENT # 208 
C I BLINK 
LO RED - LEDIC - 
; STATEMENT # 209 
; STATEMENT #, 210 
; STATEMENT # 211 
; STATEMENT # 212 
; STATEMENT # 213 
LO YEL LED 
ZERO GRN LED 
HI YEL LED 






; STATEMENT # 215 
; STATEMENT # 216 
; STATEMENT # 217 
LO RED LED 






















































































ZERO GRN - LED 
HI YEL LED 
HI RED LED 
CAS END? 3 4 
- 
: STATEMENT # 218 
: STATEMENT # 219 
: STATEMENT # 220 
- - 
- - 
: STATEMENT # 222 
: STATEMENT # 223 
: STATEMENT # 224 
: STATEMENT # 225 
: STATEMENT # 226 
; STATEMENT # 227 
LO RED LED 
LO YEL LED 
ZERO GRN LED 
HI YEL LED 
HI RED LED 






: STATEMENT # 229 
; STATEMENT # 230 
: STATEMENT # 231 
; STATEMENT # 232 
: STATEMENT # 233 
: STATEMENT # 234 
LO RED LED 
LO YEL LED 
ZERO GRN LED 
HI YEL LED 







: STATEMENT # 236 
: STATEMENT # 237 
: STATEMENT # 238 
: STATEMENT # 239 
: STATEMENT # 240 
; STATEMENT # 241 
LO RED LED 
LO YEL LED 
ZERO GRN - LED 
HI YEL LED 
HI RED LED 






: STATEMENT # 243 
: STATEMENT # 244 
: STATEMENT # 245 
: STATEMENT # 246 
LO RED LED 
LO YEL LED 





































































































BOOL? 7 7 












BOOL?8 1 : 
BOOL?83: 
F MOV 
HI YEL LED 
HI RED LED 
CASEND?3 4 
- - 
; STATEMENT # 247 
; STATEMENT # 248 
- - 
; STATEMENT # 250 
; STATEMENT # 251 
; STATEMENT # 252 
; STATEMENT # 253 
; STATEMENT # 254 
LO RED LED 
LO YEL LED 
ZERO GRN LED 
HI YEL LED 
C, BLINK 






; STATEMENT # 256 
; STATEMENT # 257 
C , START 
THEN?35 
RUN LED 
; STATEMENT # 258 











; STATEMENT # 260 











































































































































RUN - LED,C 




: STATEMENT # 264 










: STATEMENT # 266 
C,FAIL ZONE 1 
C, FAIL-ZONE-3 -
FAIL - LED,C 




C,FAIL ZONE 1 
C, FAIL-ZONE-3 -
BOOL?87 
: STATEMENT # 268 







FAIL - LED,C 




: STATEMENT # 270 























































































; STATEMENT # 272 
C,PASS ZONE 2 - 
PASS - LED,C 
; STATEMENT # 273 






; STATEMENT # 274 
- 
- 

















; PROCEDURE LITE (END) 
; PROCEDUERE ZONE (START) 
; STATEMENT # 276 
; STATEMENT # 277 
F MOV C,RUN 
CPL c 
JC THEN?44 
; STATEMENT # 279 















750004 F MOV 
THEN?4 5 : 
AEOO F MOV 
AFOO F MOV 



















; STATEMENT # 280 
; STATEMENT # 281 
- 
R6,RUN COUNTER 
R7 I RUN-COUNTER+0001H 
A 
A I @A+DPTR 
R4,A 



































































































































750001 F MOV 
THEN?48 
7800 F MOV 










ZONE - I,#03H 
: STATEMENT # 282 
: STATEMENT # 283 
R6,RUN COUNTER 














ZONE - I#02H 
: STATEMENT # 284 




A , @A+DPTR 
R4 ,A 










ZONE - I,#O1H 
: STATEMENT # 286 
: STATEMENT # 287 
RO,#RUN - COUNTER 
?PO024 




; PROCEDURE ZONE (END) 
MOV SP,#6FH 
MOV TMOD, # 13H 





; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
F CLR START 
; STATEMENT # 
F 
; STATEMENT # 
F MOV DAC COUNTER+0001H,#00H 
; STATEMENT # 
; STATEMENT # 
MOV ZONE I,#OOH - 











































F MOV C,TAG 0 INTR3 
CPL c - -  
JC WEND?52 
ACALL DAC UPDATE 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
- F 
F ACALL ANALYSIS 
F CLR TAG 0 INTR3 
SJMP WHILE?51 
- -  
WEND?5 2 : 
WHILE?53: 
; STATEMENT # 
MOV C,TAG 1 INTR3 
CPL c 
JC WEND?54 
- -  F 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
; STATEMENT # 
F ACALL SWITCH 
F ACALL TIME 
F CLR TAG 1 INTR3 
SJMP WHILE?53 




































0 3AF ' 03B1 
1 03B1 
03B1 
03B3 I 03B4 













































: STATEMENT # 311 
WHILE?55: 
MOV C,TAG 2 INTR3 
CPL c 
JC WEND?56 
- -  F 
: STATEMENT # 312 
: STATEMENT # 313 
: STATEMENT # 314 
F ACALL LITE 
F CLR TAG 2 INTR3 
SJMP WHILE?55 
- -  
WEND?56: 
WHILE? 57  : 
: STATEMENT # 315 
F MOV C,TAG 3 INTR3 
CPL c - -  
JC WEND? 5 8 
: STATEMENT # 316 
; STATEMENT # 317 
: STATEMENT # 318 
F ACALL ZONE 
F CLR TAG 3 INTR3 
SJMP WHILE?57 
- -  
WEND?58: 
: STATEMENT # 319 
SJMP WHILE?49 
WEND?50: 
: PROCEDURE NASA00 (END) 
CASE?JMPTBL?03BE: 
: STATEMENT # 320 
: JUMP TABLE FOR DO CASE 
LEVEL 1 
F AJMP CASE?98 
F AJMP CASE?99 
F AJMP CASE?100 
F AJMP CASE?101 
F AJMP CASE?102 
F AJMP CASE?103 
F AJMP CASE?104 
F AJMP CASE?105 
F AJMP CASE?lO6 
F AJMP CASE?107 
F AJMP CASE?108 
F AJMP CASE?109 
D-37 














- S P A C E  S I Z E  
CODE 158 
B I T  1 
B I T  1 
B I T  1 
B I T  1 
B I T  1 
B I T  1 
B I T  1 
B I T  1 
B I T  1 
DATA 2 
29 CODE 2 




62 B I T  1 
64 B I T  1 
NAME A T T R I B U T E S  AND R E F E R E N C E S  
A N A L Y S I S .  . . .  PROCEDURE U S I N G ( 0 )  S T A C K = 0 2 H  
3 0 3  
BO.  . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B1. . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B2. . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B 3 .  . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B 4 .  . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B 5 .  . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B 6 .  . . . . . .  B I T  MEMBER O F  TEMPOR B I T  : 
B 7 .  . . . . . .  B I T  MEMBER O F  TEMPOR B I T  ; 
B L I N K  . . . . .  B I T  
DAC COMP. . . .  B I T  R E G I S T E R  A T ( B 4 H )  
- 
O F F S E T = O  
O F F S E T = l  
O F F S E T = 2  
O F F S E T = 3  
O F F S E T = 4  108 
O F F S E T = 5  107 
OFFSET=6 1 0 6  








82 208 254 262 
89 
DAC COUNTER . . WORD 
92 93 94 97 98 99 102 
119 128 192 194 196 198 200 
2 0 2  204 299 
- 
- 
DAC MAX COUNT . WORD - - 
9 2  93 
DAC U P D A T E .  . .  - 
D C L . .  . . . .  
E A .  . . . . . .  
F A I L  L E D .  . . .  - 
F A I L  ZONE 1 . . 




PROCEDURE U S I N G ( 0 )  S T A C K = 0 2 H  
L I T  E RALL Y 
302 
2 3 4 5 6 7 8  
9 10 11 12 13 14 15 
16 17 18 19 20 21 22 
23 24 25 26 27 28 29 
30 31 32 33 34 35 36 
37 38 39 4 0  41 42 43 
44 45 46 47 48 49 50 
51 52 53 54 55 56 57 
58 59 60 61 62 63 64 
65 
296 
264 266 268 274 
120 178 266 268 
B I T  R E G I S T E R  A T ( A F H )  
B I T  R E G I S T E R  A T ( A 5 H )  
B I T  
B I T  














































HI RED LED. . . 
HI YEL LED. . . 
HUND MSEC . . . 




IP. . . . . . . 
LITE. . . . . . 
L O W . .  . . . . 
LO RED LED. . . - - 
LO YEL LED. . . - - 
NASAOO. . . . . 
PASS LED. . . . 
PASS ZONE 2 . . 




PEAK 2. - 
PEAK 3. . . . . - 
PEAK COUNTER. . - 
PORT 0. . . . . - 
PORT 1 BIT 0. . - - -  
PORT 1 BIT 1. . - -  - 
148 180 266 268 
169 176 186 261 265 267 271 
273 
103 
212 219 226 233 240 247 254 
211 218 225 232 239 246 253 
BIT 
BUILT IN 
BIT REGISTER AT(A0H) 
BIT REGISTER AT(A1H) 
BYTE 
BYTE REGISTER AT(A8H) 
BYTE REGISTER AT(B8H) 
PROCEDURE USING(0) STACK=02H 
BUILT IN 
BIT REGISTER AT(A4H) 
BIT REGISTER AT(A3H) 
MODULE 
BIT REGISTER AT(A6H) 
270 272 274 
BIT 







136 140 141 144 145 147 
BYTE REGISTER AT(80H) 
103 
BIT REGISTER AT(90H) 
108 
BIT REGISTER AT(91H) 
107 





208 215 222 229 236 243 250 
209 216 223 230 237 244 251 
128 
PORT 1 BIT 2. . BIT REGISTER AT(92H) 
PORT 1 BIT 3. . BIT REGISTER AT(93H) 
- -  - 
106 
105 
168 176 182 184 187 259 277 
181 279 281 283 285 287 
258 260 262 
- -  - 
RUN BIT 
RUN COUNTER . . WORD 
RUN LED . . . . BIT REGISTER AT(A7H) 




, 44 DATA 1 
4 
I 53 BIT 1 
54  
55 




5 0  
5 1  
5 
6 5  
6 6  
2 8  
4 2  
6 7  
165  
38 
3 9  
40 
I 
4 1  
6 
4 7  












CODE 5 2  







2 9 3  
S E C  . . . . . .  BYTE 
SHL . . . . . .  BUILTIN 
1 0 2  
SP.  . . . . . .  BYTE REGISTER AT(81H) 
290  
START . . . . .  BIT 
1 6 2  1 6 6  1 7 6  1 8 4  257  259  2 6 1  
2 6 3  2 6 5  269  2 7 1  297 
1 6 0  1 6 1  1 6 3  
1 6 1  1 6 3  
1 6 0  
3 0 7  
8 0  83  8 4  
START N . . . .  BIT 
START P . . . .  BIT 
START STOP SW . BIT REGISTER AT(B3H) 
SWITCH. . . . .  PROCEDURE USING(0)  STACK=U2H 
TAG 0 INTR3 . . BIT 




- -  
6 9  3 0 1  304 
74  306 309  
TAG 2 INTR3 . . BIT - -  
7 6  311 313 
TAG 3 INTR3 . . BIT 
TCON. . . . . .  BYTE REGISTER AT(88H) 
TEMPOR BIT. . .  STRUCTURE 
TEMPOR BIT OVR. BYTE AT(.TEMPOR B I T )  
1 0 4  
TEMPOR WORD . . WORD 
1 0 2  1 0 3  1 0 4  
TEN MSEC. . . .  BYTE 
6 8  70  7 2  
TIC COUNT . . .  PROCEDURE USING(0) STACK=09H 
TIME. . . . . .  PROCEDURE USING(0) STACK=02H 
TIME 1. . . . .  WORD 
- -  
81 315 317  
292  
- 
6 6  1 0 5  1 0 6  1 0 7  1 0 8  






2 8 5  
- 
TIME 2 .  . . . .  WORD - 
2 8 3  
TIME 3. . . . .  WORD 
TIME 4. . . . .  WORD 
TMOD. . . . . .  BYTE REGISTER AT(89H) 
- 
2 8 1  
279  
2 9 1  
UP DNNOT FLAG . BIT 
W I N D O W .  . . . .  BYTE 
- 
- - 
8 9  90  138 




































WINDOW 1. . . . - 
WINDOW 2. . . . - 
WINDOW 3. . . . - 
WINDOW 4. . . . - 












ZERO GRN LED. . BIT REGISTER AT(A2H) 
210 217 224 231 238 245 252 
ZONE. . . . . . PROCEDURE USING(0) STACK=02H 
316 
ZONE 1. . . . . BIT 
115 1 1 7  125 170 
ZONE 2. . . . . BIT 
123 126 134 171 
ZONE 3. . . . . BIT 
132 135 153 172 
ZONE 4. . . . . BIT 
151 154 173 184 
ZONE I. . . . . BYTE 
112 174 280 282 












DIRECT VARIABLE SIZE 
INDIRECT VARIABLE SIZE 
BIT-ADDRESSABLE SIZE 
AUXILIARY VARIABLE SIZE 
MAXIMUM STACK SIZE 
REGISTER-BANK(S) USED: 
409 LINES READ 
0 PROGRAM ERROR(S) 
END OF PL/M-51 COMPLIATION 
I BIT SIZE 
I 
(STATIC+OVERLAYABLE) 
= 03D6H 982D 
= OOlAH 26D 
= ODH+OOH 13D+ OD 
= OOH+OOH OD+ OD 
= 12H+OOH 18D+ OD 
= 01H+OOH 1D+ OD 
= OOOOH OD 
= O O l l H  17D 
= O  
D-41 
ISIS-I1 MCS-51 RELOCATOR AND LINKER, V3.0,INVOKED BY: 
RL51 :FO:NASAOO.OBJ,:FO:PLM5l.LIB TO NASAOO.ABS PRINT(:LP:) 
INPUT MODULES INCLUDED 
:FO:NASAOO.OBJ(NASAOO) 
:FO:PLM51.LIB(?P0008) 




































































SYMBOL TABLE FOR :FO:NASAOO.ABS(NASAOO) 
VALUE TYPE NAME 
------- MODULE NASA00 
C:038BH SYMBOL NASA00 
D:0080H SYMBOL PORT 0 
D:0081H SYMBOL SP 
D:0088H SYMBOL TCON 
D:0089H SYMBOL TMOD 
D:0098H SYMBOL SCON 
- 





* * *  GAP * * *  
GAP * * *  * * *  
?P0032S 
?P0008S 








D: 0 0 A 8 H  SYMBOL 
D: 0 0 B 8 H  SYMBOL 
B : 0 0 9 0 H  SYMBOL 
B : 0 0 9 0 H . 1  SYMBOL 
B : 0 0 9 0 H . 2  SYMBOL 
B : 0 0 9 0 H . 3  SYMBOL 
B:OOAOH SYMBOL 
B : O O A O H . l  SYMBOL 
B:OOAOH.2 SYMBOL 





B : O O A 8 H . 7  SYMBOL 
B:OOBOH.3  SYMBOL 
B:OOBOH.4 SYMBOL 




C : 0 4 0 F H  
C : 0 4 1 1 H  
C : 0 4 1 3 H  
C : 0 4 1 5 H  
C : 0 4 1 7 H  
C : 0 4 1 9 H  
C : 0 4 1 B H  
C : O 4 1 D H  
C : O 4 1 F H  
C : 0 4 2 1 H  
C : 0 4 2 3 H  
C : 0 4 2 5 H  
C : 0 4 2 7 H  
D : 0 0 1 0 H  
D : 0 0 1 1 H  
D : 0 0 1 2 H  
D : 0 0 1 3 H  
D : 0 0 1 4 H  
























B : 0 0 2 1 H . 1  SYMBOL 
B : 0 0 2 1 H . 2  SYMBOL 
B : 0 0 2 1 H . 3  SYMBOL 
B : 0 0 2 1 H . 4  SYMBOL 
B : 0 0 2 1 H . 5  SYMBOL 
B : 0 0 2 1 H . 6  SYMBOL 
B : 0 0 2 1 H . 7  SYMBOL 
B : 0 0 2 2 H  SYMBOL 
B : 0 0 2 2 H . 1  SYMBOL 
B : 0 0 2 2 H . 2  SYMBOL 
B : 0 0 2 2 H . 3  SYMBOL 
B : 0 0 2 2 H . 4  SYMBOL 
B : 0 0 2 2 H . 5  SYMBOL 
B : 0 0 2 2 H . 6  SYMBOL 
I E  
I P  
P O R T  1 B I T  0 
PORT-1-B IT-2 
P O  RT-1-B I T-3 
PORT-I-BI T-I 
H I  RED-LED- 
H I-Y EL-LED 
ZEFO GRN L E D  
LO YEL LED 
LO-RE D-L E D 
FATL LED 
PAS S-L E D 
R U N  - TED 
EA 





R U N  'COUNTER 
TEMFOR WORD 
DAC MAX COUNT 
PEAF 1 





W I  NDOW-3 
W I NDOW-4 
W I  N DO W-5 
T I M E  1- 
TIME-2 
TIME-3 
T I  ME-4 
T E N  F S E C  
HUNE -MSEC 
S E C  
WINDOW 
ZONE I 
TAT; 0 I N T R 3  
TAG- l - INTR3 
TAG-2-INTR3 
TAG-3-INTR3 
S T A R T  
S T A R T  N 
RUN 





UP DKNOT FLAG 
BLINK- 
ST ART-P - 
D - 4 3  
B : 0 0 2 2 H . 7  SYMBOL 
B: 0023H SYMBOL 
B : 0 0 2 3 H . 1  SYMBOL 
D : 0 0 2 0 H  
D : 0 0 2 0 H  
C : 0 0 1 E H  ------- 
------- 
C : 0 0 5 2 H  ------- 
------- 
C: OOBAH ------- 
------- 
C : 0 1 5 8 H  ------- 
------- 
C : 0 1 7 0 H  ------- 
------- 
C : O l B C H  ------- 
------- 
C : 0 3 2 0 H  ------- 
------- 
C : 0 3 8 B H  
C : 0 0 1 E H  
C : 0 0 1 E H  
C : O 0 2 0 H  
C : 0 0 2 2 H  
C : 0 0 2 7 H  
C : 0 0 2 A H  
C :  0 0 2 C H  
C : 0 0 2 E H  
C : 0 0 3 9 H  
C : 0 0 3 B H  
C : 0 0 4 0 H  
C : 0 0 4 3 H  
C : 0 0 4 5 H  
C : 0 0 4 7 H  
C : 0 0 4 9 H  
C : 0 0 4 E H  
C : 0 0 5 1 H  
C : 0 0 5 1 H  
C : 0 0 5 1 H  
C : 0 0 5 2 H  
C : 0 0 5 2 H  
C : 0 0 5 6 H  
C : 0 0 5 B H  
C : 0 0 7 0 H  
C : 0 0 7 8 H  























P R O C  
ENDPROC 
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
F A I L  ZONE 1 
PASS-ZONE-2 
F A  1 E - 3  L-Z ON 
TEMPGR BIT 
T E M P O R B I T  - OVR 
TIC - COUNT 






A N A L Y S I S  
A N A L Y S I S  
S W I T C H  
S W I T C H  
S W I T C H  
T I M E  
T I M E  
T I M E  
L I T E  
L I T E  





6 7  
68  
6 9  
7 0  
7 2  
7 3  
7 4  
7 5  
76 
7 7  
79 
8 0  
8 1  
8 2  
8 3  
8 4  
85 




9 0  
9 2  
93  
9 4  
9 5  
96 
D - 4 4  
t 


















































C : 0 16BH 
C:016FH 
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
LINE# 
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  










































































C: 0 lBBH 
C:OlBCH 
C: 0 lBCH 
C:OlBFH 
































L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
LINE# 
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  

















































































C:02ABH ' C:02ADH 





























L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  
L I N E #  



































































C : 0 3AAH 




















L I N E #  289 
L I N E #  290 
L I N E #  291 
L I N E #  292 
L I N E #  293 
L I N E #  294 
L I N E #  295 
L I N E #  296 
L I N E #  297 
L I N E #  298 
L I N E #  299 
L I N E #  300 
L I N E #  301 
L I N E #  302 
L I N E #  303 
L I N E #  304 
L I N E #  305 
L I N E #  306 
L I N E #  307 
L I N E #  308 
L I N E #  309 
LINE# 310 
L I N E #  311 
L I N E #  312 
L I N E #  313 
L I N E #  3 14 
L I N E #  315 
L I N E #  316 
L I N E #  317 
L I N E #  318 
L I N E #  319 





I N S T R U M E N T  C O N D I T I O N S  
GOW-MAC INSTRUMENT C O .  
BRIDGEWATER,  NEW J E R S E Y  
DATE 
I N S T R .  MODEL 69-550 
DETECTOR T C D  
COLUMN S I Z E  1 0 ' X 1 / 8 '  SS ~~ - I  
L I Q U I D  P H A S E  
SUP P O R T  
C A R R I E R  G A S  H E L I U M  
C A R R I E R  FLOW 3 0 m l / M I N  
H 2  FLOW 
A I R  FLOW 
RECORDER FS:  lmv 
SAMPLE J P - 5  I N  AVGAS 
S O L V E N T  AVGAS 
SAMPLE S I Z E  1 M I C R O L I T E R  
T E M P :  
COLUMN 250 DEG.C 
I N J .  P O R T  250  DEG.C 
DETECTOR 300 DEG.C 
B R I D G E  CURRENT 
A T T E N U A T I O N  1 
CHART S P E E D  I c m / M I N  








- 40.846 e. 5 1  
57.959 0. 63 
0.862 1. A 0  
e. a02 i. 65 
e. 9.169 1. 86 
e. 248 2.11 
8 0.154 2. 3' 
0.188 2. 36 
16 a. 208 2. 39 
' 2  0.1bd 2. 87 














4629 0 ;  
ae e5 
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